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Salmonella Infections 



INTRODUCTION 

Richard K. Gast 



Infcciions v/iih bacteria of the gcxiMS Salmonella arc 
responsible for a variety of acute and chronic dis- 
eases in poultry. Infected poultry, moreover, com- 
prise one of che most important reservoirs of sal- 
monellae that can be transmiited through the food 
chain 10 humans. Isolations of Salmonella are re- 
ported more often from poultry and poultry prod^ 
ucis than from any other animal species. This likely 
reflects not only the high prevalence of Salmonella 
infccdons in poultry, but also che very large num- 
bers of commercially raised chickens and turiccys, 
and the application of active nationwide programs 
for identifying infected flocks. 

The genus Salmonella (of the family Enierobac- 
teriaceae), named for the eminent United Sutes De- 
partment of Agriculture (USDA) veterinarian and 
bacteriologist Daniel E. Salmon, consists of more 
than 2300 serologically distinguishable variants. 
These serotypes are usually named for the place of 
initial isolation. Although recent taxonomic rcfine- 
mcnis have indicated that all salmonellae can be 
grouped into only five subgenera (I), the distinc- 
tions between serotypes arc often epidemiologically 
relevant. Accordingly, Salmonella isolates are still 
most often described primarily in terms of their tra- 
ditional serotype nomenclature. 

Infections of poulcry with salmonellae can be 
grouped into three categories, each of which is the 
subject of a separate section of this chapter. The 
firet section discusses infections *vith the two non- 
motile serotypes. S pullorum and S. gallinarum, 
which are generally host-specific for avian species. 
Pullonim disease, caused by S. pullorum^ is an 
acute systemic disease of chicks and poults. Fowl 
typhoid, caused by S. galUnarum, is an acute or 
chronic septicemic disease that most often affects 
mature birds. Both of these diseases have been re- 
sponsible for serious economic losses to poultry 
produccts in the past, and have been addressed by 
the implcmemadon of ewensive testing and eradi- 
cation programs. 



The oontnbuitonf of ttic uithon of chii cAa^Eer in previous cdittooH, 
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The second section of this chapter discusses in- 
fccdons with a group of motile Salmonella sero- 
types referred to collcciivcly as paiacyphoid salmo- 
nellae. This diverse group of serotypes is 
principally of concern as a cause of food-bomc dis- 
ease in humans. Although paratyphoid infections of 
poultry arc very common, they seldom cause acute 
systemic disease except in highly susceptible young 
birds subjected to stressful conditions. More often, 
paratyphoid Salmonella infcctiotis of chickens and 
turkeys arc characterized by asymplomadc colo- 
nizauon of the intestinal tract, sometimes persisting 
until slaughter and leading ultimately to contamina- 
tion of the finished carcass. Some serotypes, espe- 
cially S. enteriridis, can be deposited in the contents 
of clean and intact eggs. Improper food handling 
before consumpdon can permit the multiplication 
of Salmonella to levels capable of causing severe 
gastrointestinal disease in human consumers. 
Heightened concerns about the microbial safety of 
foods have led to the iniuation of numerous testing 
efforts to detect paratyphoid salmonellae in poultry 
ffocks and poultry products 

The third section of this chapter discusses infec- 
tions with the various motile serotypes of die sub- 
genus 5. arizonae, which was formerly designated 
Arizona hinshawii. This group of organisms, al- 
diough biochemically disdnct, causes a disease that 
is not clinically distinguishable from other Salmo- 
nella infecdons. Arizonosis is of particular eco- 
nomic significance in Wrkeys. 

The dimensions of the poultry Salmonella prob- 
lem have expanded considerably in recent years. In 
the past, the primary motivation for controlling Sal- 
monslla infections in poultry was to reduce disease 
losses. Today, public health concerns, political pres- 
sures, and consumer demands have increasingly 
made prc*'cniion of food- borne transmission of dis- 
ease to humans an urgent priority for poultry pro- 
ducers. Pullorum disease and fowl typhoid have 
been atiacked effectively in the United States by a 
strategy of tesdng and eradication. The paratyphoid 
salmonellae, however, are not host specific and are 
found nearly ubiquitously in doix>csdc animals, 
wild animals, and humans. In addidon, the intema- 

81 
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PARATYPHOID INFECTIONS 



Richard K. Cast 



INTRODUCTION. Motile Salmonella sero- 
cypes oiher ihan those in the 5- arizonae subgenus 
are often referred to as paratyphoid (PT) salmonel- 
lac. Iliese organisms can infoa a very wide vanery 
of hosts (including humans), in some instances re- 
sulting in relauvcly asymptomatic inicsiinal car- 
nage and in other instances producing clinical dis- 
ease First reponcd in avian species a century ago m 
an outbreak of infectious enteritis in pigeons (221), 
PT infections continue to cause significant disease 
losses in young poultry. More recently, PT salmo- 
ncllae have been ihc subject of intensified interest 
as agents of food-bomc disease transmission to hu- 
mans. Commercial poultry constitute one of the 
largest and most important reservoirs of salmonel- 
lac that can be introduced into the human food sup- 
ply Contaminated poultry meat and eggs have con- 
sistently been among the most frequently 
implicated sources of human Salmcndla outbreaks. 
Controlling PT infections has thus become an im- 
portant objective for the poultry industry from both 
the public health and economic perspectives. 

Public Health Signilicance. Although many 
other pathogens have recently received consider- 
able attention, salmonellae remain among the lead- 
ing sources of food-borne illness throughout much 
of the world. For example, nearly 84% of food- 
bomc human illnesses in ScoUand between 1980 
and 1989 for which a causative agent was csiab- 
Ushed were attributed to salmonellae (239). Be- 
tween 1973 and 1987. 51% of human food-bomc 
bacterial disease cases in the United States were 
caused by salmonellae. (23). According to the Cen- 
ters for Disease Control and Prevention, salmonel- 
losis may affect as many as 1-5 million people each 
year in the United States; about 20,000 hospiializa- 
tions and 500 deaths associated with Salmonella ate 
reported annually (255). Salmonella outbreaks can 
have particularly severe consequences in highly 
vulnerable populations. Of 52 food-home disease 
outbreaks in nursing homes in the United States be- 
tween 1975 and 1987 that had known causes. 52% 
of the outbreaks and 81% of the deaths were as3<^ 
ciated with Salmonella (195). 

Poultry products axe consistcndy identified as 
important sources of salmonellae that cause illness 
in humans. More khan one-third of food-borne sal- 
monellosis outbreaks in humans in the United 
States between 1983 and 1987 were associated with 
poultry meat or eggs (297). The percentage of Sal- 
moneUa outbreaks in England and Wales that wiwe 
associated with poultry meat rose from less than 



13% in 1959-62 to more than 32% in 1984-85 
(158). Between 1985 and 1991, 82% of 5. enieri- 
lidis outbreaks in the United Sutes that could be at- 
mbutcd to a specific food vehicle were associated 
with eggs (218). 

Economic Significance. Infections of do- 
mestic poultry with salmonellae are expensive both 
for the poultry industry and for society as a whole. 
The costs associated with PT infections in poultry 
fall into two broad categories. The first concerns the 
expenses associated with human illnesses caused by 
the consumption of contaminated poultry products. 
The total combined costs associated with medical 
care and lost productivity resulting from food-bome 
Salmonella infections of humans in the United 
Sutes have been estimated at up to $3.5 billion for 

1993 (318). u u X 

The second category of costs associated with sal- 
monellae in poultry involves various direct ex- 
penses producers face as a consequence of Salmo- 
nella infections in their flocks. During the first few 
days after hatching. 5a//wone//j infccuons acquired 
vemcally from parents or horizontally in the hatch- 
es can cause significant growth depression or even 
moitaliry in young chicks or poults. Although birds 
quickly become far less susceptible to salmonellae 
during the Isi wk of life, other diseases or stressful 
conditions can predispose poultry to severe Salmo- 
nella infections. Likewise, infection with Salmo- 
nella can inci«asc the susceptibility of birds to other 
pathogens. Infections of mature poultry with salmo- 
nellae can also be costly to producers in terms of the 
efforts lequired to prevent the transmission of in- 
fection to progeny or to humans. Control measures 
such as biosecuricy practices, cleaning and disin- 
fecting of facilities, rodent control programs, vacci- 
nabon, and testing all can significandy increase pro- 
duction costs- Moreover, negative publicity 
generated by media reports regarding Salmonella 
contamination of particular foods can sigmficantly 
affect consumer demand for those items and, 
thereby, ultimately affect the profjiabUiiy of pro- 
ducers. 

INCIDENCE AND DISTRIBUTION. Found 
in virrually every pan of the world, salmonellae in- 
fea or aie carried by an extremely wide variety of 
hosts mcluding wild animals, domestic animals, 
and humans. Information about the incidence and 
serotype distribution of salmonellae in domestic an- 
imal populations is essential for understanding the 
relationships within and between the reservoirs of 
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salmoncllac in animals and humans rh«t arc ulti- 
mately responsihid for zoonotic disease transmis- 
sion. 

Incidence of Salmonellae in Poultry and 
Poultry Products. Advances in poultry pro- 
duction praciices. changes in consunjer lifesiyies 
and preferences, and heightened nutntionaJ aware- 
ness have all combined to make poultry products a 
leading source of protein for much of the world. 
The incidence of Salmonella infection in poultry 
flocks and the associated incidence of Salmonella 
contamination of poultry produce; are thus of con- 
siderable public health significance. Although sal- 
monellae have been found in poultry flocks of vari- 
ous species, including both meat-type and egg-cypc 
breeds, estimates of the incidence of solmoncllac in 
birds or their environments have varied consider- 
ably. 

Surveys of meai-cype poultry have reported the 
isolation of salmonellae from the feces of 94% of 
broiler Hocks sampled in the Netherlands (319) and 
from the environmenis of 87% of turkey flocks 
sannpled in Canada (167). The actual prevalence of 
infection within Salmonella-poiiuvt flocks, how- 
ever, has often been observed to be relatively low 
(171. 286). Surveys of egg-type poultry have re- 
ported the recovciy of salmonellae from the feces 
of 47% of flocks sampled in the Netherlands (3 19) 
and from either feces or cggbeli samples from 
nearly 53% of flocks sampled in Canada (251). In 
studies of pooled cecal samples from spent egg-lay- 
ing flocks in the United Siaies, salmonellae were 
delected in all of 8 1 flocks from nine southern states 
(327) and in 86% of 406 houses from several re- 
gions (88). 

In surveys of poultry products, salmonellae have 
been isolated from 57 7^ of chicken carcasses m 
Portugal (201), 43% of ready-to-cook broiler car- 
casses obtained from retail stores in Ohio (33), and 
29% of frozen broiler carcasses obtained from retail 
siorts in Arkansas (169). Contamination of eggs 
with salmonellae has also become an imporunt is- 
sue in recent years. In a study of more than 1000 
unpasceurued liquid egg samples collected at 20 
egg-breaking plants throughout the United Stares, 
Ebel et al. (89) found salmonellae m 52% of the 
samples. 

Distribution of Salmoneila Serotypes. 

Although more than 2300 serotypes of Salmonella 
have been identified, only about 10% of these have 
been isolated from poultry. Moreover, an even 
smaller subset of serotypes accounts for the vast 
majoncy of pouloiy Salmonella isolates The distri- 
bution of Salmonella serotypes from poultry 
sources varies geogrnphically and changes over 
time. The degree of ntlaiedncss between the poultry 



and human reservoirs of salmonellae is partly illus- 
trated by similarities in the distribution of sero- 
types. 

Although the frequency of isolation of various 
Salmonella serotypes from poultry changes from 
year to year, several serotypes arc consistently 
found at a high incidence. Based on data from clin- 
ical and environmental isolates submitted to the 
U.S Department of Agriculture (USDa) National 
Veterinary Service Laboratory bcrween July 1990 
and June 1993, the most commonly identified sero- 
types in chickens in the United States were (in de- 
scending order of incidence) S. heidelber^. S, enter- 
iiidis, S. hadar, S. montevideo, S. kentucky, and S. 
ryphimunum (97, 98. 99). Tlicse reports also indi- 
cated that the most commonly isolated PT salmo- 
nellae in turkeys in the United States during the 
same period were S, reading, 5. Heidelberg. S. 
hadar, S. agona, S. senfeenberg. and S saintpauL 
The significance of the poultry Salmonella reservoir 
for public health can be illustrated by considering 
the serotypes commonly isolated from humans. In 
1 991 . the serotypes most often reported to the Cen- 
ters for Disease Control and Prevention from hu- 
man sources in the United States were S. ry- 
phimurium, S. enieriiidis, 5- heidelberg. S hadar, S. 
newpori and S. agona (24). 

Because of the unique epidemiologic association 
of S. entertiidts with disease transmission via cont- 
aminated eggs, the specific prevalence of this one 
serotype has been a topic of considerable interest in 
recent years A Canadian reporr indicated (hat envi- 
ronmental samples from 2.7% of 295 layer flocks 
and 3% of 294 broiler flocks were positive for S. en- 
leritidis (250). In two nationwide surveys in the 
United States. 5. enteritidis was found in pooled ce- 
cal samples from 27% of 406 laying houses tested 
(88) and from 13% of 1002 pooled samples of un- 
pasteurized liquid egg (89). The increasing public 
health significance of S. enteriudh was shown in a 
survey of the frequency of reporting of human in- 
fections with various Salmonella serotypes in 21 
nations (261). Only 10% of these nations reported 
S enteritidis as their most common serotype in 
1979, but by 1987 this figure had increased to 43%. 

ETrOLOGY 

Classification and Nomenclature. The 

genus Salmonella is a member of the bacterial fam- 
ily Enterobacteriaceac and is divided into five bio- 
chemically distinct subgenera (184). The various 
motile and non-host-adapied serotypes of subgenus 
i are often referred to as PT salmonellae. The de- 
gree of genetic rclaiedncss among the salmonellae 
IS so great that some researchers have suggested 
that the genus actually consists of only a single 
species (93). but the names of individual serotypes 
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remain in common usage to facilitate diagnostic 
classificaiion and epidemiologic analysis. 

Morphology and Staining. Salmonellae are 
straight, non-sporc-formtng rods, measuring about 
0.7-1 .5 X 2.0-5.0 ^m. SaJmonellae are gram-nega- 
tive, but cells can readily be stained with common 
dyes such as methylene blue or carbolfuchsin. 
Paratyphoid salmonellae are usually peritrichously 
nagellated and motile, although naturally occurring 
nonmotile mutants are occasionally encountered. 
Typical Salmonella colonics on agar media are 
about 2 to 4 mm in diameter, round with smooth 
edges, slightly raised, and glistening. 

Growth Requirements. Salmonellae are fac- 
ultadvely anaerobic and can grow well under both 
aerobic and anaerobic conditions. The optimum 
temperature to support the growth of salmonellae is 
37 C, but some growth is generally observed over a 
range of about 5 to 45 C. Salmonellae can grow 
within a pH range of about 4.0 to 9.0, with an opci- 
mum pH of about 7.0. The nutritional requirements 
of salmonellae are relatively simple, and most cul- 
ture media that supply sources of carbon and nitro- 
gen can support their growth. The viability of Sal- 
monella cultures can be maintained for many years 
in simple media, such as peptone agar (184) or nu- 
trient agar, which have been stab-inoculated, 
sealed, and held at room temperature. 

Biochemical Properties. The biochemical 
properties characteristic of most PT (subgenus 0 
Salmonella strains are described by Kiieg and Holt 
(184) and Ewing (93). Typical PT salmonellae fer- 
ment glucose (to produce both acid and gas), dulci- 
tol, mannitbl. maltose, and mucacc, but do not fer- 
ment lactose, sucrose, malonate. or salicin. They 
can produce hydrogen sulfide on many types of me- 
6a, decarboxylate ornithine and lysine, utilize cit- 
rate as a sole source of carbon, and reduce nitrates 
to nitrites. Paratyphoid salmonellae do not hy- 
drolyzc urea or gelatin and do not produce indole. 

Paratyphoid salmonellae can be distinguished 
from 5. arizotuie {Salmonella subgenus in). S. pul- 
lorum, and 5. gallinarum on the basis of several 
biochemical differences. For example, 5. ahionae 
strains cannot ferment dulcitol but usually can fer- 
ment malonatc, S. pullorum strains cannot ferment 
mucatc or dulciiol, and S. gallinarum strains cannot 
decarboxylate omithine or produce gas from glu- 
cose fermentation In addition, PT salmonellae are 
usually motile, but 5. pullorum and S. sallinorum 
are nonmotile. 

Antigenic Structure. The traditional KaufT- 
mann-Whitc schema for antigenic classification of 
salmonellae is based on both somatic and flagellar 
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^antigens (93). The somatic "O" antigens are deter- 
mined by polysaccharides associated with the body 
of the cell and arc identified by arabtc numerals. 
Serogroups (designated with upper-case letters) of 
salmonellae are defined by particular somatic anti- 
gens that are unique to members of the gJX3up. Most 
Salmonella isolates found in poultry belong to 
Serogroups B. C, or D. The "HT' antigens are deter- 
mined by flagellar proteins and are usually identi- 
fied by lower-case letters. Flagellar onugens some- 
bmes occur in two different phases. The serotype of 
a particular Salmonella isolate is determined by the 
combination of O and H antigens that it expresses. 
Scrotyping of isolates is generally accomplished us- 
itig agglutination tests with batteries of specific an- 
tiscra. Slide agglutination tests are first used to es- 
tablish the somatic antigen content and the flagellar 
antigen content is then determined using tube ag- 
glutination tests. 

Resistance to Physical and 
Chemical Agents 

HEAT, IRRADIATION. AND OTHER PHYSICAL 
AGENTS. With the exception of a few distinc- 
tively ihermoresistant strains (such as 5. sen/ten- 
berg 775W), salmonellae are generally quite sus- 
ceptible to destruction by heat. For example, 
coolcing to an inlcmai tcmpcrarure of 79 C in con- 
ventional or convection ovens always eliminated 
inoculated S. ryphimurium from testing chickens 
(269). Exposure of ground ehicken meat to a tem- 
perature of 60 C eliminated 5. ryphimurium con- 
tamination (at a level of 10* cells/g) within 5 min- 
utes (22). The heat ruiscance of 5. enteritidis can be 
increased by prior exposure to alkaline conditions 
(163), and decreased by prior refrigeration (156, 
263). Salmonellae strains of several serotypes have 
been able to survive cooking methods for eggs that 
allow some of the yolk to remain liquid (12, 161). 
Liquid whole egg is pasteurised in the United States 
according to USDA specifications that require a 
minimum breacmeni time of 3.5 minutes at 60 C 
(11). Steam pelleting treatment of poultry feed un- 
der precisely defined conditions has been reported 
to eliminate both inoculated and naturally occurring 
salmonellae (213, 270). 

Irradiation has received considerable attention as 
a potential method for eliminating salmonellae 
from foods and feedstuffs. Most salmonellae strains 
appear to be highly susceptible to the lethal effects 
of inadiation (302). Gamma radiation has been suc- 
cessfully applied to reducing the levels of Salmo- 
nella contamination in poultry meat (301, 304), egg 
products (211. 265). and poultry feeds (193). Com- 
bined heat and radiation treatments have been 
shown to be more effective in eliminating salmo- 
nellae than either treatment alone (265, 303). Sev* 
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eral other physical agents, including clecirica) stim- 
ulation (196, 215), ultraviolcT radiation (325). and 
ultrasonic wave rreatmem (346) have also been rc- 
poned lo be lethal for saJmonellae. 

CHEMICAL DISINFECTANTS. A wide vanety of 
chemical disinfectants have been assessed for their 
efficacy against saJmoncllac. The application of hy- 
drogen peroxide (226), acetic acid (84). lactic acid 
(168), potassium sorbate (223). chlorine (223), or 
irisodium phosphate (175) have ail been reported to 
reduce the incidence or level of Solmcnella con- 
tamination on broiler carcasses. Fumigating with 
fonnaldehyde (335) or hydrogen peroxide (272), or 
spraying with polyhcxamcihylene biguanide hy- 
drochloride (73), has been shown to be effective in 
controlling salmonellae on hatching eggs. Both 
ozone and fonnaldehyde fumigation have similarly 
been reported to be effective poultry hatchery disin- 
fcctants (332). 

Studies of the efficacy of chemical treatment of 
poultry feeds to inhibit salmonellae have produced 
variable results. Inclusion of an organic acid mix- 
ture in feed was reported to reduce significantly the 
eventual level of salmonellae in feed contaminated 
with mouse droppings containing S ryphimurium 
(189). Smyser and Snocycnbos (277)» however, 
studied 12 compounds as potential antagonists of 
salmonellae in poultry feed (includmg organic 
acids) and found that only formalin was consis- 
tently effective 

The application of chemical disinfectants to 
poultry houses is also of uncertain effectiveness. 
Phenols and quaternary ammoruum compounds are 
often used for this purpo.<;e, but cleaning and disin- 
fection has not always been successful in eliminat- 
ing salmonellae from contaminated houses (209, 
282). Formaldehyde fumigation has been found to 
be highly effective for this purpose (337). but safety 
considerations have limited its availability and use. 

ENVIRONMENTAL FACTORS. Thc environmental 
persistence of PT salmonellae is a significant factor 
in the epidemiology of these organisrns m poultry 
by creating opporruniiies for horizontal transmis- 
sion of infection within and between flocks. Smyser 
el al. (278) reponexJ the isolation of S. hcidelberz 
from contaminated litter after 7 mo of holding at 
room temperature. Williams and Benson (338) ob- 
served thc survival of S. ryphimurium for 16 mo in 
feed and 1 8 mo in litter stored at 25 C. Water activ- 
ity has been identified as an important supporting 
factor in allowing the persistence of salmonellae in 
poultry houses (242). Although salmonellae can 
someames persist tor long periods in poultry litter, 
used litter has also occasionally been reponed to 
exert an inhibitory effect on Safmcnelia growth or 
survival (312). Tumbull and Snocycnbos (SH) sug- 



gested ihHt this effect might result from a pH in- 
crease over lime due to dissolved ammonia. The 
survival of salmonellae on eggs during and after 
washing has been shown to be dependent on thc pH, 
temperature, and presence of egg solids in the 
washwatcr (190) and on the rate of cooling after 
washing (42). 

Pathogenicity 

TOXINS. Three general categories of toxins have 
been reported to play roles in the pathogenicity of 
PT salmonellae. Endotoxin is associated with thc 
lipid A portion of Salmonella cell wall lipopolysac- 
charide (LPS). If released into the bloodstream of 
an infected animal when bacterial cells are lysed, 
endotoxin can produce fever Intravenously admin- 
istered S enteritidis endotoxin was found by Tum- 
buil and Snocycnbos (314) to cause liver and spleen 
lesions m 2-wk-old chickens. Li po polysaccharide 
also contributes to thc resistance of The bacterial 
cell wall to attack and digestion by host phagocytes. 
Loss of thc ability to synthesize complete LPS has 
been associated with a loss of virulence for S. en- 
uriTidis m mice (45) and an impairtid ability of S. 
ryphimurium to colonize the ceca and invade to thc 
spleen in bixjiler chicks (74). 

Two proteinaccous toxins have also been identi- 
fied in salmonellae. Enterotoxin activity by salmo- 
nellae induces a secretory response by epithelial 
cells that results in fluid accumulation in thc intesti- 
nal lumen (183). A heat- labile enterotoxin was de- 
tected in 44% of 123 5. ryphimurium strains from 
animal sources (214). Thc hcat-stabic cytoioxin of 
salmonellae causes structural damage to intestinal 
epithelial cells, perhaps by inhibiting protein syn- 
thesis (181). 

Adherence, Invasiveness, and Intracellu- 
far Survival. The adherence of PT salmonellae 
to intestinal epithelial cells is che pivotal first step in 
the sequence of events that produces disease. Ad- 
herence has been associated with type 1 fimbriae (5, 
198) and with a mannosc- resistant hemagglutinin 
(101). Although adherence evidently docs not re- 
quire meiaboHcally active salmonellae. the subse- 
quent bacterial invasion of host cells requires pro- 
tein synthesis by live salmonellae (186, 200). Thc 
overall virulence of salmonellae depends heavily on 
the initial degree of mucosal invasiveness (4). Puta- 
tive mechanisms for Salmonella invasion of intesti- 
nal cells have included type 1 fimbriae (92) and var- 
ious bacterial proteins induced by contact with 
epithelial cell surfaces (102). 

Adherence and invasiveness of salmonellae can 
be influenced by culmrc growth conditions. Loga- 
rithnucally growing Salmonella cells arc more in- 
vasive in tissue culture than are cells in thc station- 
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ary phase of growth, and saimonellae grown anacr- 
obicaily have bctn sho*n to be both more adherent 
and more invasive than salmonellae grown aerobi- 
cally (92, 19 1). Rapidly growing S. ryphimurium 
cells have been reported to kill mice faster after in- 
Dra venous injection than do cells in a slower phase 
of growth (27). 

The replicaiioa of salmonellae within host cells 
has also been found to be necessary for the full ex- 
pression of pathogenicity (194). Mutants of 5. ry- 
phimurium ihat were unable to survive within host 
macrophages (l(K)) or to resist the aniimicrobial ef- 
fects of host peptides (127) were reported to exhibit 
reduced virulence in mice. The production of iron- 
chetadng siderophores may also contribute ro the in 
vivo survival of salmonellae (349). 

PLASMIDS. Plasmids are exuuchromosomaJ DNA 
elements chat have often been associated with bac- 
terial pathogenicity. Serotype-specific plasmids of 
characterisdc molecular weights have been directly 
linked with virulence for a number of salmonellae. 
Considerable homology has been demonstrated be- 
tween virulence-associated plasmids of diflTercni 
serotypes (36, 344. 345). Strains of 5. ryphimurium 
and S. enitritidis cured of their virulence-associated 
plasnuda have been found to be significantly less 
lethal for mice (46, 49, 137, 22S). Plasmid- medi- 
ated virulence among S. ryphimurium and 5. emeri- 
tidis isolates has been variously associated with in- 
vasion of mesenteric lymph nodes, the liver, and the 
spleen in mice (128, 293), in vivo growth within 
cells of infected mice (129, 154. 260), immunosup- 
pression (144). and serum resistance (292). Analy- 
sis and characterization of the plasmid content of S, 
emeriridis isolates from diverse poultry sources has 
proven to be of significant value in establishing epi- 
demiologic relationships (85, 274). 

The pathogenicity of salmoricllae, however, does 
not always require the presence of the scrocypc-spc- 
cific plasmids. Some strains of S, ryphimurium, for 
example, have been shown lo retain their invasive- 
ness in cell culture assays (37, 153) and their lethal- 
icy for infected mice (244) in the absence of viru- 
lence-associated plasmids. Moreover, although a 
scroiype-specific plasmid was found to be essential 
for the fiill expression of virulence by S enuritidis 
in mice, cunng this plasmid did not affect S. enter- 
itidis colonization and invasion of the tissues of 
orally inoculated chickens (130). 

Pathogenicity Differences of Strains, 
Serotypes, and Phage Types. Paratyphoid 
salmonellae strains are often found to differ in their 
ability to cause disease or death in young poulto'. 
Several investigators (58, 138, 276) have reported 
significant differences in mortality between groups 
of chicks orally inoculated with isolates rcprcscnt- 
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ing diverse Salmonella serotypes. However, 
"tremendous variation in lethality for chicks has also 
been observed within single Salmonella serotypes, 
sometimes even among strains of the same phage 
type (16, 276). Pathogenicity differences have also 
been noted between the various phage types of S. 
enieritidis, with phage type 4 of^cn associated with 
a particularly high level of invasiveness (13. 143) 
and lethality (13. 114, 253) for newly hatched 
chicks. Differences in virulence within the phage 
types of S. emeriridis (including phage type 4), 
however, have also been demonscrated (U2, 114, 
253). Variation between strains of S. enreritidis, 
crossing phage-type boundaries, has also been re- 
ported in the frequency of deposition in the contents 
of eggs laid by experimentally infeaed hens (112. 
273). 

The bacterial characterisdcs responsible for the 
observed paihogcnicicy differences between Salmo- 
nella strains arc still incompletely understood. 
Nolan et al. (237) compared Salmonella isolates of 
identical serotypes obtained from healthy and ill 
chickens and found differences in the utilization of 
carbon sources, mannose-sensitive hemagglutina- 
tion of erythrocytes, and invasiveness in cell cul- 
ture. However, Barrow ei al, (17) concluded that 
flagellar and somatic antigens, manncse-sensitive 
hemagglutinins, and the scrotypc-specific plasmid 
of 5. ryphimurium ^erc all unessential for intestinal 
coloniiadon. Petter (246) associated invasive prop- 
erties of 5. emeritidis variants with quantitative and 
qualitative differences in LPS expression. 

PATHOGENESIS AND EPIZOOTIOLOGY, 

Paratyphoid salmonellae can be isolated firom an 
extremely wide variety of host species, including 
humans and other mammals, birds, reptiles, and in- 
sects. The nriany interconnections between these 
reservoirs often impair efforts to reduce the inci- 
dence of Salmonella infections in humans and do- 
mestic animals Poultry have often been identified 
as one of the most important reservoirs of salmo- 
nellae that ultimately cause human infections. Al- 
though chickens and turkeys are susceptible to a 
broad range of Salmonella serotypes, the resulting 
infection process is determined less by the serotype 
involved than by factors such as the age of the af- 
fected birds, the infecting dose, and predisposing 
coadibons. Paratyphoid salmonellae can be intro- 
duced into poultry flocks by several different 
sources and can likewise be spread within and be- 
tween flocks by a number of mechanisms. 

Paratyphoid Infections in Young Poultry. 

Paratyphoid infections often have very different 
consequences for newly harched poultry than for 
more mature birds. In very suscepdble young 
chicks and poults, PT infection can sometimes lead 
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xo iUnciS and death at high frequencies. Older birdi 
art far less susceptible to the lethal effects of PT 
salmoncllac and may experience intestinal colo- 
nization and even systemic dissemination without 
significant morbidity or mortaJiiy. The development 
of resistance to salmoncllae in young birds has of- 
ten been aciributcd to the acquisition of protective 
microflora that either compete with salmoncllae for 
intestinal receptor sites or produce antagomsiic fac- 
tors that inhibit Salmonella growth (285. 290). Cast 
and Beard (107) accordingly observed that signifi- 
cantly more orally administered 5 typhimurium 
cells adhered in the ceca of 2-day-old chicks than in 
those of 3- to- 7 -day-old chicks. 

The usual outcomes of PT infections in chicks 
and poults fall into three general categories (271). 
Intestinal colonization is normally the first step in 
the infection process for orally introduced PT sal- 
monellae, fi«qucntiy leading to the persistcni shed- 
ding of salmoncllac in the feces. In many infected 
birds, invasion beyond the gastrointestinal tract re- 
sults in Sdlmonella multiplication in reiiculoen- 
doihelial tissue of the liver and spleen (16) and 
eventual dissemination to colonize a variety of in- 
ternal tissue sites. Finally, extensive bacteremia 
sometimes occurs, occasionally causing a high inci- 
dence of mortality. The incidence of both monality 
(95) and intestinal colonization (262) in chicks cor- 
relate strongly with the dose of oraily administered 
salmonellac. 

Mortality associated with naturully occurring PT 
infections in poultry is often observed to reach peak 
levels at about 3 to 7 days of age (222). Studies of 
expcrimcma! PT infections in young poultry have 
consistently shown that newly hatched birds are 
highly susceptible to salmoncllae, but this suscepti- 
bility decreases over time. Fagcrberg et al, (95) 
found thai oral doses of 10' S. typhimurium cells 
were lethal for 50% of 1 -day-old broiler chicks, 
20% of 3-day-old chicks, and no 7-day-old chicks. 
Smith and Tucker (276) saw mortaliry associated 
with 5. typhtmurium inoculation of chicks drop pre- 
cipitously from 79% at 1 day of age to only 3% at 2 
days. A steep reduction in susceptibility 10 PT-asso- 
ciaied mortality has also been reported in turkey 
poults (31). 

The frequency of both intestinal^ colonization 
(262) and invasion to internal organs (314) are 
higher in newly hatched chicks than in older birds. 
The persistence of salmonellac in various colonisa- 
tion sites is also influenced by the age of the birds 
when infected. Horizontal contact exposure of 
chicks within 24 hr of hatching has been reported to 
result in fecal shedding of S. enitritidis for at least 
28 wk (230). Gast and Beard (107) dciermined that 
cecal colonization with 5. ryphimunum persisted for 
7 wk after oral inoculation significantly more often 
when chicks wtre infected at I day of age than at 7 



days. Gorham ct al. (125) likewise observed an age- 
related decrease in the persistence of S. ententidis 
in the internal organs of inoculated chicks. 

Paratyphoid Infections in Maiure Poultry. 

Morbidity or mortality are not consistently associ- 
ated with PT infections in mature poultry. Experi- 
mental infections of aduU chickens with large oral 
doses of PT salmoncllae have often been reported to 
cause no evident signs of clinical illness (35. 159). 
Timoney ct al. (309) noted that although oral inoc- 
ulation of laying hens with 5. enterisidis often re- 
sulted in bacteremia and extensive systemic dis- 
semination to internal organ sites, the birds 
remained clinically normal except for some brief 
mild diarrhea. Humphrey ct al. (162) observed, 
however, thai six of ten 1 -year-old hens died after 
oral inoculation with a phage rypc 4 5. ententidis 
isolate. 

The two most consistently observed features of 
PT infections in maiure poultry arc intestinal colo- 
ntzauon and systemic dissemination to internal or- 
gans. During approximately the first 2 wk following 
experimental oral infection of chickens or turkeys, 
PT salmoncllac can generally be isolated from the 
intestinal tracts and voided feces of a high percent- 
age of inoculated birds (35, 1 10, 348). Although the 
incidence of intestinal colonization and fecal shed- 
ding steadily declines thereafter, some S. enierittdis 
strains have been shown to persist in the intestinal 
tract of laying chickens for several months after 
oral inoculation (108, 1 10, 273). 

Gut colonization by PT salmonellac is usually 
followed by invasion of the intestinal epithelium 
and dissemination to internal tissues. Various PT 
serotypes, including J. infantis, S. ryphimurium, 
and 5. Heidelberg, have been found in internal sites 
such as the liver, spleen, lung, ovary, oviduct, and 
peritoneum of naturally and cxperinr»cnLally in- 
fected chickens and turkeys (35, 281, 348). Inva- 
siveness and systemic dissemination have been 
documented very extensively for S. enterindis. Af- 
ter experimental oral inoculation of laying hens, S. 
ententidis has been isolated from numerous internal 
tissues, including the liver, spleen, ovary, oviduct, 
heart biood. and peritoneum (UO. 309), Dissemina- 
lioti of 5. enteriiidis to diverse internal organs, in- 
cluding the ovary and oviduct, has also been 
recoitled following conjunctival inoculation (165) 
or exposure to contaminated aerosols (21). The iso- 
lation of S. enteritidis from a wide range of internal 
organs has similarly been reported in naturally in- 
fected poultry (152, 151.252). 

Another aspect of infections of mamrc chickens 
with some PT salmonellac that is of particular con- 
cern from a pubhc health perspective is the produc- 
tion of 5flfmon^//<J-comaminatcd eggs. In the lare 
1980s, considerable epidemiologic evidence began 



10 accumulate indicating that ihe coniaminaied con- 
tents of clean and intact eggs were responsible for 
the transmission of S. enteritidis infection to hu- 
mans (217, 287). Investigations of laying flocks im- 
pUcatcd as the sources of eggs that caused human 
outbreaks have detected S, enteritidis isolates of the 
same phage types found in affected humans, often 
with identicaJ plasmid profiles or fingetprinb. m en- 
vironmenul samples, tissue samples, and crps ^86 
140.306). 

5. enteritidis has been found in the contents of 
eggs laid by commercial layers (152) and broiler 
breeder (199), but the incidence of S. enteritidis 
contamination of eggs has gencraUy been found to 
be extremely low In studies of 17 natunJly infected 
laying flocks in the United Kingdom. Humphrx:y ct 
al. (160. 164) found 5. enteritidis in the contents of 
less than 1% of the eggs sampled. In two Canadian 
Uyer flocks that yielded S. enteritidis isolates from 
both cnvironmcntaJ and tissue samples, less than 
0,06% of the eggs sampled were contaminated with 
5. enteritidis (252). Naturally contaminated eggs 
ha»/e generally been found to contain very small 
numbers of 5. enteritidis (160, 164)» but the 5". en- 
teritidis population in eggs can expand to more dan- 
gerous levels if eggs arc held at gtowth-supporting 
temperatures (113,1 64). Contamination of egg con- 
tents by 5. enteritidis has also been demonstrated in 
experimentally infected laying hens (273. 309). 
Cast and Beard (108) isolated S. enteritidis from the 
albumen of 19% and yolks of 16% of eggs laid 
within 4 wk after the administration of a Utgc oral 
dose to hens. 

Predisposing Factors, a number of factor? 
have been demonstrated to increase the likelihood 
or severity of PT infection in poultry. Several other 
infccuous agenis have been reported to influence 
the course of infection with salmonella^. Prior in- 
fection with several species of coccidia, including 
Eimeria tenella, £. maxima, and f. acervulina, can 
increase the ability of salmonella serotypes such as 
5. ryphimurium, S. enteritidis. S agona, and S. in- 
fantis to colonize the inrestinal tracts of chickens (8. 
256, 294). The mechanisms for ihis effect may be 
related Co decreased levels of 5fl/m<?ntf//a-inhibiting 
volatile fatty acids and increased oxidation-roduc- 
lion potential in the intestine related to coccidial in- 
fection (7). Infection with £. tenella, however, was 
obsen/ed by Teller ei al. (299) to decrease the fre- 
quency by invasion of subsequently administered S 
enteritidis to the internal organs of chicks, perhaps 
by increasing the thickness of the intestinal lamina 
propria. Infections of poultry with immunosuppres- 
sive Viruses or bacteria can also affect the outcome 
of Salmonella infections. Exposure to rcticulocn- 
dolheliosis virus at 1 day of age increased mortality 
among chicks inoculated intrapcriioneally with 5. 
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rypkimurium at 1 . 7. Of 1 4 days of age (224). E^tpo- 
sure of 1 -day-old chicks to infectious bursal disease 
virus led to increased mortality following S. ry- 
phimurium infection 3 wk later, although viral in- 
fection of 3-wk-oId chicks did not affect their sus- 
ceptibility to subsequent infection with S. 
typhimurium (347). Suppression of cell-mediated 
immutuiy by Corynebacterium parvum led to in- 
creased morbidity in chicks subsequently infected 
with 5, Typhimurium (60). 

Environmental and management factors can also 
influence the susceptibility of poultry to PT salmo- 
nellae. Exposure to stressful conditions has often 
been shown to facilitate or exacerbate Salmonella 
infeaions. For example, lowering the brooding 
temperature of chicks by 5 to 8 C was found to in- 
crease significantly mortality among newly hatched 
chicks inoculated with 5. worthington (300). Water 
deprivation before inoculation of 7-wk-old chick- 
ens increased the duration of fecal shedding of 
orally administered S, typhimurium (34). Forced 
niolting of layixvg hens by feed deprivation has been 
reported to increase the incidence and level of fecal 
shedding (149), the incidence arui severity of in- 
testinal lesions (147. 254), and the frequency of 
horizontal transmission (146) following oral inocu- 
lation with S. enteritidis. Molting also reduced the 
infectious dose of S. enteritidis necessary to estab- 
lish intestinal colonization in hens (145) and in- 
creased the likelihood of recurrence of previous S 
enteritidis infections (148), 

Sources, Vectors, and 7>-ansmission. 
Paratyphoid salmoncUae can be introduced into 
poultry flocks from many different sources. The ex- 
tremely wide host range of PT salmonellac creates 
an equally large number of reservoin of infectious 
organisms that can be transmitted to chickens or 
turkeys. Among the most frequently implicated 
sources of infection are contaminated feed and var- 
ious animal and insect vectors Paratyphoid salmo- 
nellae can be Transmitted vcnicalJy to the progeny 
of infected breeder flocks and horizontally within 
and between flocks. 

Contaminated feeds, particularly those contain- 
ing animal proteins, have often been identified as 
likely sources of introduction of PT salmonellae to 
poultry flocks- Zecha ei al. (350) teporied that four 
of eight Salmonella serotypes isolated from a 
turkey breeding facility over a 5-yr period had also 
been isolated from samples of pelleted feed. 
MacKenzie and Bains (202) noted that Salmonella 
serotypes not previously detected in the flocks of a 
broiler company in Australia were detected first in 
raw feed ingredients, and dicn later appeared in live 
birds and processed careasscs. Cox et al, (70) col- 
lected poultry feed from commercial mills in die 
United States and found salmonellac in 92% of 
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meat and bone meal samples and in 58% of finished 
feed (mash) samples, but m no samples of pelleted 
feed. Experimental inocuUcion studies have 
demonstrated that chicks can readily become in- 
fected with PT saJmonellae from their feed, even 
when contamination levels are very low (142, 266). 

Biologic vectors can both disseminate and am- 
plify salmonellac in poultry flocks. Insects, includ- 
ing cockroaches (182) and lesser mealworms (212), 
can carry Salmonella organisms iniemaily and ex- 
ternally and spread them throughout poultry houses. 
Mice have been identifieid as panicularly imponant 
vectors for S, enuritidis in laying flocks. Hcnzler 
and Opicz (139) culiored mice and environmental 
samples from laying farms to isolate S. entehtidis. 
They detected S. ententidis in 24% of the mice 
from environmentally contaminated laying farms, 
but in none of the mice from fanns with environ- 
ments free of 5. enttriiidis. They noted that a single 
mouse fecal pellet could contain 10* 5. enteritidis 
cells. 

Vertical transmission of PT salmonellae to the 
progeny of infected breeder flocks can result from 
the production of eggs contaminated by salmonel- 
lae in the contents or on the surface. Experimentally 
infected hens were observed by Gordon and Tlicker 
(123) to transmit S. mension to iheir offspring. The 
same Salmonella serotypes responsible for mortal- 
ity in naturally infected chicks and poults have of- 
ten also been isolated from their parent flocks (18S, 
222). In a survey of 10 farms in France, Lohcllec et 
al. (188) concluded that the greatest contribution to 
The eventual distribution of Salmonella serotypes in 
broiler houses came from the chieks themselves and 
not from their environment. 

Egg shells are often contaminated with PT sal- 
monellac by fecal contamination during oviposi- 
tion. The penetration of salmonellae into or through 
the shell and shell membranes can result in direct 
transmission of infection to the developing embryo 
or can lead to exposure of the chick to infectious 
Salmonella organisms when the shell structure is 
disrupted during hatching. Some PT serotypes, par- 
ticularly 5. enteritidis, can be deposited in the con- 
tents of eggs before oviposltion. The resulting 
faransovarian transmission of infection to progeny is 
an important aspect of the epidemiology of S. en- 
tentidis in chickens. 

Regardless of the mechanism or site of egg con- 
tamination, any PT salmonellae carried m or on 
eggs can be spread extensively in the hatchery. As 
chicks or poulis pip through egg shells, salmonellae 
are released into the air and circulated around 
hatching cabinets on contaminated fluff and other 
batching debris. Bailey ct al. (lO) reported that 17% 
of egg shell samples and 21% of chick rinse sam- 
ples obtained from commercial broiler hatcheries in 
the United States were positive for PT salmonellae. 



Cox ct al. (71) likewise isolated salmonellae (of 12 
different serotypes) from more than 75% of samples 
of egg fragments, belling oiaterial. and paper pads 
from three broiler hatcheries. Newly hatched birds, 
lacking protective intestinal microflora, are highly 
susceptible to intestinal colonizauon by salmonel- 
lae. Cason ei al. (41) observed that nearly 449E> of 
chicks from uncontaminated eggs, hatched along 
with eggs dipped before incubation in a solution 
containing J. typhimurium, were found to cany S. 
fyphimurium in their intestinal tracts upon removal 
from the hatcher. Bhada and McNabb (30) found 
the same Salmonella serotypes in hatchery fluff and 
meconium as were later detected in broiler house 
litter and flnished broiler carcasses. 

After introduction into poultry. PT salmonellae 
can spread hcrizontally within and between flocks. 
Snoeyenbos et al. (280) noted that 10 Salmonella 
serotypes spread rapidly from infected day-old 
chicks to penmates reared on liner. Gast and Beard 
(108. 110) reported that 5. ententidis could be 
found in the feces and imemaJ organs of uninocu- 
laied laying hens housed in cages adjacent to those 
of orally inoculated birds. Contaminated poultry 
house environments are often implicated as among 
the principal sources of PT salmonellac (185). La- 
hcUcc and Colin (187) concluded that Salmonella 
serotypes present in broiler houses or introduced 
into houses by vectors during the rearing period 
were more likely to appear on processed carcasses 
thaii were serotypes originating in the hatchery. In a 
Dutch study, cumulative infection curves for laying 
flocks showed an increasing incidence of 5 enteri- 
tidis over time during the laying cycle, suggesting 
that infection was more likely acquired from farm 
environments than from breeding stock (321). Hor- 
izontal transmission can be mediated by direct bird- 
tO'bird CQoiact, ingestion of contaminated feces or 
litter, contaminated water (123. 231), personnel and 
equipment (350). and a variety of other mecha- 
nisms. 

Clinical Signs. Paratyphoid infection of poul- 
try is usually associated with disease only in very 
young birds. The contamination of eggs with sal- 
monellae may lead to a high level of embryo mor- 
tality and the rapid death of newly hatched birds be- 
fore clinical signs arc obsaved. Signs of disease are 
rarely observed after the first 2 wk of life, although 
morbidity and morulicy can be high during thai pe- 
riod and significant growth retardation can occur. 
The course of illness ts normally relatively brief in 
individual birds. Signs of severe PT infection in 
young poultry are generally similar to those ob- 
served in connecdon with other avian Salmonella 
infections (pullorum disease, fowl typhoid, and 
avian arizonosis) and with other bacteria that can 
cause acute septicemia Although clinical disease i.<; 



not normaJly associated with PT mfftccions in 
lure poultry, some 5. enieritidis strains have been 
found ro cause anorexia, diarrhea, and reduced egg 
production in experimentally infected laying hens 
(108. 112.229, 273). 

Typical signs of PT infection in chicks and poults 
include progressive somnolence with closed eyes, 
drooping wings, and ruffled feathers (336). 
Anorexia and emaciation are common (16). Af- 
fected birds arc often seen lo shiver and huddle near 
heat sources. Profuse watery diarrhea is frequently 
observed, often resulting in dehydration and pasting 
of the vent area (219. 336). Blindness (245) and 
lameness (245. 336) have occasionally been associ- 
ated with PT infections. 

Gross Lesions and Histopathology. in 

severe outbreaks of FT infection in newjy hatched 
poultry* rapidly developing septicemia can cause a 
high incidence of mortality wiih few or no apparent 
lesions. When the course of disease is longer, severe 
cnierids is often accompanied by focal necrotic le- 
sions in the mucosa of the small intestine. Cheesy 
cecal cores (16. 126. 336) are often observed. 
Spleens and (jvcR arc commonly swollen and con- 
gested, with evident hemorrhagic streaks or 
necrotic foci (245. 336). Kidneys may also some- 
times be enlarged and congested (219). Fibrinopu- 
nilcni perihcparitis and pericarditis have been rc- 
poncd on numerous occasions (13, 126. 245 336) 
Unabsorbod. coagulated yolk material may be pre- 
sent in die yolk sac (1 3, 126, 245). Other lesions oc- 
casionally observed include hypopyon, pano- 
phihalmiUs. purulent arthritis (245). airsacculitis 
(126), and omphalitis (28). 

T^e invasion of iniestinal epithelial cells by sal- 
monellac leads to a series of pathologic changes 
that affects intestinal fluid and electrolyte regula- 
tion. This process can uldmaiely cause cell death 
and dicreby produce and exacerbate diarrhea Oral 
moculation of laying hens widi S. entemidis can 
produce inflammation of the cpiihclium and lamina 
propna of the colon and ccca related to hcterophilic 
mfiliracion (147, 254). EpiiheUal cells can be in- 
vafled throughout the intestinal tract, but die ccca 
wid (ht Ileocecal junction are often sites of particu- 
lar affinity for salmonellae (314). In addition, ep- 
ithelial invasion may also allow the removal of sal- 
monellae dirtmgh the basement membrane into the 
iamina propria by macrophages (249). Humphrey et 
(166) recovered S enieritidis from several inter- 
nal Organ sites of a few laying hens w/iihin as little 
hr after oral inoculation. The ability of salmo- 
nellae CO survive and multiply in internal organs, 
parucularly the liver and spleen, has been correlated 
wiui the comparative vimlcnce of salmonellae in 
?^^ttcreni host species (20). IntiaceUular replication 
the spleens of mice has been shown to offer a 
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protected site where bacterial multiplication can 
conlinuc without exposure ro host defense mecha- 
nisms (87). Slight inflammatory processes with het- 
erophil infiltration ranging from focal to diffuse in 
distribution have been observed in the ovaries and 
oviducts of flocks naturally infected with S enitri- 
udi5(\^\y 

Immunity, The immune response of poultry to 
PT salmonellae acts to minimize the duration and 
severity of infcciion and helps protect against rein- 
fection. This response also permits the serologic de- 
tection of infected flocks and serves as the basis for 
efforts to protect birds against infection by vaccina- 
tion. The development of immunity was illustrated 
in a study conducted by Hassan ei al. (135), in 
w/hich oral reinfection of chickens with 5. ry- 
phimurium (10 wk after the initial inoculabon) re^ 
suited in reduced fccaJ shedding and more rapid 
clearance from tissues than was observed in previ- 
ously uninfected birds. Adminisierins immunosup- 
pressive agents to chicks has been reported to in- 
crease mortality associated with PT infection (91, 
351), but such treatments apparently have very lit- 
tle effect on intestinal colonization by salmonellae 
(6l>. Hassan and Curtiss (132) have rccenily pro- 
vided evidence that 5. typhimurium infection of 
chickens can cause lymphocyte depletion, atrophy 
of lymphoid organs, and immunosuppression that 
may facilitate the establishment of a persistent car- 
rier state. 

Paratyphoid salmonellae can elicit strong anti- 
body responses from infected poultry. For example, 
expcnmental infection of chicks with S. ry- 
phimurium induced strong IgG, IgA. and IgM re- 
sponses in senim, intestinal conienis. and bile 
which could be detected by antigens composed of 
whole bacterial cells. LPS. flagella, and outer-mem- 
brane proteins (135). When laying hens were Orally 
mfecied with 5. enieritidis, scrum antibodies were 
produced by most birds by 1 wk posiinoculation 
and reached peak values at 1 wk posiinoculauon 
(109). High scrum IgG titers have been detected in 
laying hens for at least 27 wk after experimental 
oral inoculation with S entemidis (15), In a nam- 
rally infected broiler breeder flock, 70% of the bi«ls 
were found to be positive for senim anUbodies to S. 
enieritidis LPS ai 35 wk of age (59). Antibodies to 
S. enieritidis have also been found in die yolks of 
eggs laid by infected hens. Specific antibodies were 
found as early as 9 days posiinoculation and 
reached peak levels at 3-5 wk postinoculation m 
eggs from hens cxperimenully infected with S. en- 
ieritidis (Ml). Antibodies to 5. enieritidis have also 
h^n detected in eggs from naturally infected flocks 

Although less completely characterized than the 
antibody response, cell-mediated immunity to PT 
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salmondlae has also bccn observed in poultry. Has- 
san ei al. (135) cleiecied a strong delayed hypersen- 
sitivity reaciion, using either whole bacterial cells 
or outer membrane proteins, berwccn 2 and 5 wk af- 
ter experimental infection of chicks with S- ly- 
phimurium. Heterophils of chickens and turkeys are 
Strongly phagocytic and bactericidal for salmonel- 
lae (288) and apparently play a vital role in restrict- 
ing or^an invasion during the early phases of 5. £n- 
t^riiidis infection (179). Cytokines produced by 
sensitized T lymphocytes may play a particularly 
importani role in conferring immunity on poultry, 
perhaps by expanding the pool of circulating 
phagocytic heterophils (178) and recruiting them to 
the site of infection (180). Prophylactic administra- 
tion of these immune lymphokincs to chicks; has 
been shown to provide protection against organ in- 
vasion by 5. enteritidis (298). 

The relative contributions of the antibody re- 
sponse and (he cell- mediated response in providing 
poultry with protective immunity against Salmo- 
nella infection are somewhat uncertain. Lee et aJ. 
(192) indicated that the development of high anti- 
body levels in chickens experimentally infected 
with S. typhimurium did noi seem to result in any 
significant reductions in the Salmonella levels in 
various tissue sites, but effective clearance of sal- 
monellae from tissues was observed after the emei- 
gencc of a suong cell- mediated response. Oo the 
other harul, Humphrey et al. (162) noted that a 
^roup of hens infected with S. enteritidis at 20 wk 
of age produced high levels of IgM antibodies and 
showed no adverse signs, whereas a group of hens 
infected at 1 year of age produced much lower lev- 
els of antibodies and accordingly experienced sig- 
nificant monality Research in mice has indicated 
that the opsonic activity of specific antibodies and 
the phagocytic and lytic activity of cellular effectors 
may both be necessary for the full expression of im- 
munity (210). 

Although the responsible mechanism has noi 
been clearly defined, genetically based differences 
in the irmaie resistance of lines of chickens to Sal- 
monella infection have been reponcd on several oc- 
casions. Chicks from different lines have been 
found to vary in their suscepubility lo the lethal ef- 
fects of S. typhimurium and S- enieriudis infection 
(25, 38). Differences in the incidences of fecal 
shedding, organ invasion, and egg contamination 
have been reported berwccn lines of mature chick- 
ens infected with S enteritidis (25. 197). Bumsiead 
and Barrow (39) found that the patterns of suscep- 
tibility of six inbred lines of chickens to various 
host-adapicd and VT Salmonella serotypes were all 
very similar, suggesdng a common mechanism of 
resistance. 

DIAGNOSIS. Although clinical observations 
may suggest the likelihood of a FT infection, final 



diagnosis depends on [he isolation and identifica- 
tion ol causative organisms. Using conventional 
culture methods, this requires 48 to 96 hr (and even 
longer for some culiuring protocols), A concise 
summary of traditional methods for isolating sal- 
moncllae from poultry was provided by Mall In son 
and Snoeyenbos (205). A wide array of faster alter- 
native strategies for detecting and identifying sal- 
monellae have also been proposed in recent years. 
Serologic detection of specific antibodies is often 
employed effectively as a rapid preliminary screen- 
ing device to identify Bocks that have been exposed 
to saimoncUae. 

Isolation and Identification of Causative 
Agent 

SAMPLE SELECTION. To identify PT infection in 
poultry flocks, samples are obtained and cultured 
from a variety of sources, principally including tis- 
sues, eggs, and the poultry house environment. The 
number of samples that must be processed to 
achieve a predetermined level of confidence of de- 
tection of PT infection in a flock is directly related 
to the size of the flock and inversely related to the 
acwal prevalence of infection (1). In very latge 
flocks estimated to have very low prevalences of 
Salmonella mfeciion. samples from more than one 
bird are often pooled together before culturing to al- 
low am adequate sample size to be attained within 
the limitations of existing laboratory resources 

As many PT Salmonella serotypes are highly in- 
vasive and can be systemically disseminated to nu- 
merous internal rissues, a diversity of different sites 
(including the liver, spleen, ovary, oviducL testes, 
yolk sac. hean, hcaxt blood, kidney, gall bladder, 
pancreas, synovia, and eye) can provide samples for 
diagnostic culturing. AS lesions cannot be relied 
upon to indicate infected tissues, several different 
organs should be cultured from each bird (sepa- 
rately or together). Some highly invasive PT sero- 
types, particularly S, enteritidis. can be deposited in 
the contents of eggs before oviposition (108). Cul- 
turing eggs for 5 enteritidis. [hereforc, has been ap- 
plied as a test for assessing the potential threat to 
public health posed by infected laying flocks. Cast 
(103) reponeci that culturing pools of egg contents 
for 5 enteritidis detected experimentally infected 
hens at a frequency similar to culturing fecal sam- 
ples or testing for specific serum antibodies during 
the first 2 wk after inoculation. 

Becau.se infections of poultry with PT salmonel- 
lac almost invariably involve colonization of the in- 
testinal tract, samples of intestinal tissues and con- 
tents arc frequently the focus of Salmonella^ 
culturing efforts. In a Kurvey of birds submitted to a 
diagnostic laboratory (94), sal monellae were found 
exclusively in intestinal samples in 78% of the 
chickens and 70% of the turkeys. In experimentally 
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inoculated laying hens. S. entcritidis was recovered 
more often from ihc intestinal iracl than from any 
other tissue sampled (1 10). Most recommendations 
for cultuhng iniestinal samples indicate that the 
caudal ileum, ceca, cecal tonsils, and cecal contents 
arc the sites most likely to offer the nnaximum prob- 
ability of recovering salmonellae (34, 96, 314). 
Cloaca! swabs (108) or samples of voided feces 
(103) have been used to provide evidence of persis- 
tent intestinal colonization by salmonellae in indi- 
vidual birds. The often intermiuent partcfp of shed- 
ding of salmonellae in the feces of infected birds 
lends to diminish the overall reliability of cloacal 
swabs for diagnosing infccuon (203, 341). 

Fecal shedding of salmonellae into the poultry 
house environment by infected birds makes culnu- 
ing environmental samples a useful diagnostic tool. 
Moreover, environmental samples also provide an 
opportunity to monitor for the introduction of sal- 
monellae into poultry houses by vectors, personnel, 
equipment, and other sources. Although sampling 
fresh feces themselves likely provides the most sen- 
sitive test for the shedding of salmonellae (141), 
sampling liner can sometimes provide a compara- 
ble level of detection (264). Olcsiuk et al. (240) re- 
ported that experimental S. ryphimurium infection 
in laying flocks was detected more consistently 
over a period of 1 yr by culiuring floor Uiter than by 
any other testing approach. In a naturally infected 
laying flock. Snoeyenbos ei al. (279) found that sal- 
monellae were most often recovered from nest liner 
samples. Drag-swab samples, obtained by dragging 
moisiencd gauze pads across the floor of poultry 
houses, have been reported to detect salmonellae 
With greater sensitivity than litter sampling (176). 
The use of muldple-swab assemblies con further 
improve the sensitivity of this method (40) 

Numerous other environmental sampling ap- 
proaches. including the culiuring of cage surfaces, 
water sources, eggbelts, trapped rodents, and dust 
have also been suggested. Dust can remain contam- 
inated with salmonellae even after cleaning and dis- 
infection of poultry houses (141). Hatcher fluff is 
frequently contaminated with salmonellae, offering 
an opportunity for early detection of infection in 
flocks (220. 264). Culcunng pouluy feed for salmo- 
nellae is often important in establishiivg the source 
of infection of a flock with a particular serotype 
(279). 

STANDARD CULTURE METHODS FOR SALMO- 
NELLA DETECTION. Although a very diverse as- 
sonment of culture conditions have been proposed 
for the isolation and ideniiflcation of PT salmonel- 
lae, most standard methods follow a general scheme 
that involves four principal stages. First, nonselec- 
tive preennchment is used to encourage the growdi 
of very small numbers of salmonellae or to allow 
the recovery of Injured Salmonella cells. Prcenrich- 
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mcni is not advisable when testing samples (such as 
intestinal contents or feces) with large numbers of 
competing organisms that might overgrow salmo- 
nellae in the nonselective broth. Second, selective 
enrichment is used to allow additional expansion of 
the Salmonella population while suppressing the 
growth of other organisms Third, plating on selec- 
tive agar media is used to obtain isolated colonics, 
each derived from a single cell. Nonselective agar 
plating media are also sometimes used with swabs 
from internal organs. Fourth, colonics wiih appear- 
ances characteristic of salmonellae are subjected to 
biochemical and serologic tests to confirm their 
genus and serotype identity. Virtually all proposed 
methods require the last two of these steps, but en- 
richment requuements vary according to the nanire 
of the sample. 

Tissue samples (except for samples of iniestinal 
tissues or contents) from infected birds generally 
contain reladvcly few competing organisms. Swab 
or loop samples taken from internal organs are of- 
ten transferred directly to plates of both selective 
and nonselective agar media, without broth enrich- 
ment. Excised tissue samples, and any samples de- 
rived from the intestinal tract, are generally trans- 
ferred initially into selective enrichment broth. 

Because fecal contamination may result in the 
presence of diverse flora, eggshells are generally 
sampled without preennchment. The surface of 
eggshells can be sampled by immersion in selective 
broth media or the entire shell (including interior 
structures and shell membranes) can be sampled by 
aseptic breaking to release the contents followed by 
manual crushing and addition of selective enrich- 
mem broth (108, 104). Before culturing egg coo- 
tents for contamination by salmonellae, the shell 
exterior must be disinfected to prevent fecal conta- 
minants of the shell from being transferred to the 
contents during breaking. 

Because of the very low prevalence of salmonel- 
lae (primarily S. enieriiidis) in egg contents, and be- 
cause Salmonella contaminants tend to be present 
in eggs in very small numbers, the entire liquid con- 
tents of 10-20 eggs are often pooled together for 
sampling to minimize demands on laboratory re- 
sources Egg contents pools are generally incubated 
before further culturing to allow the Salmonella 
populauon (o expand to a consistently detectable 
level (106, 115). Iron supplementation of whole egg 
pools can increase the multiplication of some S. en- 
ter itidis strains during incubation (76, 115, 116). 
Preennchment of egg contents has been shown to 
lead to a greater sensitivity of S. enzeritidis detec- 
tion than direct sclocave enrichment (105, 291). 
probably by allowing very small inioal levels of 
salmonellae to expand to levels that will survive the 
harsher conditions of selective enrichment (50). Di- 
rect plating of incubated egg pools onto selective 
agar media can tr^arkedly reduce the time, media. 



108 Richard K. GasI 



and labor demands of cuJturing, but docs so at a sig- 
nificam loss in detection sensitivity (105, I !S). 

Environmental samples are generally collected in 
sterile plastic bags and cultured by transfer into se- 
lective enrichment broth. Litter or fluff samples can 
be collected from several sites in each house. Vari- 
ous environmenul surfaces can be sampled using 
moistened gauze pads. Similarly moistened dra^ 
swabs can be drawn across floor liiter or dropping 
pits- Feed should be tested by collecting several 
rcpreseniaavc samples from each lot and transfer- 
nng uito selective enrichment broth. Preenrichment 
of poultry feed samples has been reported to be un- 
necessary or even counterproductive (68, 69, 78), 

Culture media are generally incubated for 24 hr 
at 37 C, Longer (48-hr) incubation in nonselective 
media has been reponed to be useful for recovering 
small numbers of S. ememidis from egg contems 
(108, 157). Shoner (6-hr) selective enrichment has 
been used successfully to recover ialmoncllac from 
animal feeds (IS), but such abbreviated .«ieleciive 
cnnchmcnc is likely inadequate lo suppress compet- 
ing microflora in more heavily coniaminatcd sam- 
ples (79) Incubation of selective enrichment cuU 
tunes at elevated temperatures (42^3 C) has been 
recommended to suppress the growth of competing 
microflora, especially in intestinal samples or sam- 
ples containing fecal material (80, 82, 205). De- 
layed secondary enrichment, in which selective en- 
richment broth cultures are held for an additional 5 
days at room temperature to allow saJmonellae an 
extended opportunity to grow to detectable levels, 
has been found to improve the recovery of PT sal- 
monellae from poultry diagnostic and environmen- 
tal samples (326. 328). 

CULTURE MEDIA. A diverse array of media has 
been developed and recommended for isolating and 
identifying salmonellae Although some evidence 
has suggested that proper media selection is some- 
what contingent upon the type of sample being 
tested, several media have been consistently effec- 
tive m a variety of applications. Formulations and 
preparations for most sundard Salmonella media 
are provided in Atlas and Parks (6). and most prepa- 
rations are commercially available m dehydrated 
form from several manufacturers. 

Suggested broth media for the preenrichment of 
samples for salmonellae include buffered peptone 
water and uypticase soy broth. Stephenson et al 
(291) rcponcd that, of five pnicnnchmcnt media 
tested, tiyptjcase soy broth provided the greatest 
sensitivity of detection of S, emeritidis in artificially 
contaminaicd egg yolks. 

Selective broth media most often used for isolat- 
ing PT salmonellae in recent years include 
tetrathionatc (TT) broth, icicnitc-eystine (SC) 
broth, and Rappapon-VassiliadiN (RV) broih. 



Teirathionale broth preparations have been found to 
yield a higher frequency of Salmonella detection 
than RV broth or SC br^ith from a vancty of types 
of samples, including cloacal swabs, intestinal tis- 
sues pooled egg contents, poultry feeds, and vari- 
ous foods (68, 79, 83. 105. 311). Rappapon-Vassil- 
tadis broth has been effectively used to isolate 

P^t%'!lZr ^"^^'^^ 
A large number of agar media arc available for 
the isolation of PT salmonellae. Among the most 
commonly used plating media arc brilliant green 
(BG) agar. XLD agar, XLT4 agar, bismuth sulfite 
agar, and Hektoen enteric agar Brilliant grten agar 
remains the most widely used medium for Salmo- 
nella isolation from poultry sources and has been 
shown to be effective in application ro diverse tis- 
io< «Sg. and feed samples (68, 105. 

326. 327). XLT4 agar has been successfully applied 
to detect salmonellae efficiently from poultry house 
environmental drag swabs (216). The addition of 
novobiocin to agar plating media has been demon- 
strated to improve Salmonella recovery by sup- 
pressing the growth of some competing organisms 
(notably Proteus) that might otherwise overgrow 
the salmonellae (295. 296). Samples should always 
be streaked onto two different media, pwiferably 
with dissimilar indicator systems for differentiating 
salmonellae from other organisms. 

CONFIRMATION OF GENUS AND SEROTYPE 

Colonies on selective agar plates that have the char- 
actcnsDc appearance of PT salmonellae must be 
nested further to confirm their genus identity and to 
dctcrmme their serotype. The combined use of 
inple sugar-iron agar and lysine-iron agar provides 
an effective presumptive test for identifying PT sal- 
monellae. Additional differentiation of pf salmo- 
nellae from other organisms can be accomplished 
by determining the fermentation pattern of each iso^ 
late for a set of six particular carbohydrates as de- 
scnbcd by Cox and Williams (67). The serogroup of 
each isolate can be dcicrTnined by slide agglutina- 
tion tests with polyvalent ancisera to groups of so- 
matic O antigens, and the serotype can then be de- 
termined by slide agglutination tests with 
monovalent amisera to specific O antigens and tube 
agglutination tests with antisera to flagellar H ami- 
gens. 

RAPID DETECTION TECHNOLOGIES. Obiaining 
negative results from convcnUonal cukuring meth- 
ods for salmonellae requires several days for most 
types of samples, and confirming positive results 
adds even more time. Many comparatively more 
rapid techniques have been proposed and investi- 
gated in recent years, but none have yet achieved 
panicularly wide acceptance. Most of the rapid 
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methods reduce ihe time requirements of testing by 
I or more days, and many are amenable to some de- 
gree of Qutomaiion. Concerns about rapid methods 
include their typically high cost, their usual depen- 
dence on enrichment to achieve sufficient cell den- 
sities to allow detection, and their frequent inability 
to demonstrate a specificity of dcteciion compara- 
ble to dial of conventional culturing. Although 
propcnies as diverse as the ability to exhibit motil- 
ity (257) or to cause specific changes in the cleciri- 
cal impedance of media (247) have been success- 
fully used to enrich for or identify salmoneilae. 
most efforts to develop rapid ^o/monc/Za-dctcction 
methods have centered around the use of specific 
antibodies or DNa probes. 

Specific antibodies to Salmonella antigens have 
been used to develop a variety of enzyme-linked 
immunosorbent assay (ELISA) methods. These 
tests, using polyclonal antibodies to Salmonella 
LPS or flagella, have been reported to detea salmo- 
neilae in eggs, tissues, cloacal swabs, environmen- 
tal drag swabs, litter, and feed (136. 206, 258). 
Monoclonal antibodies to outer membrane proteins 
or flageJla have been used as the basis for EUSA 
tests to specifically detect S enteritidis in eggs, tis- 
sues, and environmental samples (172, 173). Al- 
though not apparently quite as sensitive as conven- 
tional culture methods (296). EUSA teats are 
usually reported to detect salmoneilae at a fre- 
quency comparable to standard methods, and to do 
so at least 1 day sooner One or more initial enrich- 
ment culturing steps, however, arc generally neces- 
sary to allow the expansion of die Salmonella pop- 
ulation into the range detectable by EUSA, which 
IS often estimated at between IQJ and 10? salmonei- 
lae per mL (29. 136. 172). Like conventional cul- 
taring methods, ELISA tests arc also somewhat 
prone to false-posiUve results from competing flora 
able to grow in enrichment media (26). 

Another application of antibodies for detecting 
saJmonellae involves coating small magnetic beads 
widi specific antibodies. When mixed with the sam- 
ple to be tested, the antibody-coated beads will bind 
to any Salmonella target antigens present and a 
magnetic field can then be applied to recover the 
bcad-antibody-aniigen complex. In essence, im- 
munom^netic separation thus serves as an alterna- 
tive to broth cnnchmcnt for concentrating salmo- 
neilae, but with the advanuges of requiring less 
lime and having no adverse effea on subleihally in- 
jured cells. A method using immunomagneiic sepa- 
ration to concentrate salmoneilae before plating on 
selective agar detected a higher frtsquency of Sal^ 
monella contamination in samples of poultry meat, 
tissues, eggshells, and cloacal or fecal swabs than- 
did either traditional selective enrichment or motil- 
ity-bascd enrichment (75). Immunomagnctic sepa- 
ration has also been used to dcrecr small levels of 5. 
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entvritidis contamination in pools of egg contents 
by both culturing and EUSa (76. 150). 

Another approach to rapid testing for salmorw;!- 
lae in poultry, which has received considerable at- 
tention in recent years, involves using probes for 
particular DNA sequences unique to salmoneilae. 
Hybridization of the probe with DNA extracted 
from the sample indicates a poaiavc result DNA 
probes, in both radiolabeled and colorimetric as- 
says, have been applied to the detection of salmo- 
neilae in drag-swab environmental samples from 
poultry houses with a high degree of specificity 
(131). The sensitivity of detection of salmoneilae 
by DNa hybridization is similar to that of ELISA, 
and thus generally also requires one or more en- 
richment culturing steps. Moreover. DNA hy- 
bridization assays arx; often procedurally complex 
and are rather expensive in comparison to other 
available methods. The development of polymerase 
chain rcacbon (PCR) technology, however, has al- 
lowed the specific amplificadon of particular target 
segments of DNA. thereby enabling hybridization 
reactions with probes to detect salmoneilae in feces 
and environmental drag-swab samples with a very 
high level of sensitivity (51. 52). CareftjUy chosen 
DNa probes can be used along with PCR to detect 
salmoneilae with specific characteristics, such as 
those carrying particular virulence genes (204). 

Serologic Diagnosis of Infection. Specific 
antibodies to PT salmoneilae have been detected in 
the sera of infected poultry widi a high degree of 
sensitivity using several different agglutination and 
ELISA methods. Detectable serum antibody titers 
arc often still present long after all salmoneilae 
have evidendy been cleared from tissues and fecal 
shedding has ceased (134, 329, 340). Various tests 
for serum antibodies to salmoneilae have been ap- 
plied effectively for detecting both nacui^ly (47, 
151, 252, 323) and experimentally (14, 109) in- 
fected poultry. Because anybody tests only demon- 
strate prior exposure to salmoaellae. and do not pro- 
vide unequivocal evidence of a currently ongoing 
infection in a flock, posibve serologic results mast 
generally be followed by bacteriologic culmring for 
confirmation. Other problems with serologic testing 
include the possibility that subclinical infections 
will lead to fecal shedding without sufficient inva- 
sion and disscnrtinaiion to elicit a delectable anti- 
body response (240), the general immunologic un- 
responsiveness of very young birds to SalmonelUi 
infecQon (329), and cross-reactions between anti- 
bodies to similar PT serotypes (235). 

The various agglutination tests have been applied 
successfully for detecting chickens naturally or ex- 
perimentally infected with S. enteriadis or S, ty- 
phimurium on many occasions (48, 109. 151, 252, 
341). The priiKipal agglutination test formats in- 
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elude rapid whole-blood plate, serum plaie, tube ag- 
glutinaiion. microaggluiinaiion. and microamiglob- 
ulin tests. All of these tcsU rely on the ability of 
specific antibodies to cause visible aggluunaiion 
when mixed with antigen preparations of killed 
^hoie Salmonella cells. Except for the tube test, aJl 
agglutinauon assays use stained antigens to im- 
prove the case of visuali2aiion of die agglutination 
reaction. The rapid whole-blood plate test is the 
most widely used method for dctceling antibodies 
to S. puUorum or 5". galUnarum (317). Tube agglu- 
linaiion tests are used extensively for confirmin£ 
rapid whole-blood plate test results for 5*. pullorum 
and S. gaUinarum (317). but have not been widely 
applied 10 detecting PT salmoncllac. 

Microagglutination tests for PT salmoncllac are 
conducted in 96-wcll disposable plastic plates 
(317). Microantiglobulin tests enhance the sensitiv- 
ity of microagglutination tests by using an addi- 
tional incubation period o^ith a secondary antibody 
directed against chicken immunoglobulins to in- 
crease the ovcrtill agglutination of the target antigen 
(339). The microantiglobulin test has frequently 
been reponed to provide greater sensitivity for de- 
tecting PT infecuons than other agglutination test 
methods (53. 235, 342. 341). 

Paratyphoid salmoncllac infections in poultry 
have also been effectively detected using various 
ELISA approaches. For example. ELISA tests with 
LPS, ftagelU. or outer membrane proteins as anti- 
gens have been successfully used to identify chick- 
ens infected naturally or experimentally with $ ry- 
phimurium Or S. enuniuiis (14. 174. 233, 235. 
310). By using very precisely defined antigens. 
ELISA tests often achieve a high degree of speci- 
ficity and arc thus frequently associated with fewer 
false-positive results due lo cross-rcaction.«! between 
serotypes than arc agglutination reactions (134, 
174, 322). Screening for scrum antibodies usmg a 
flagella-based ELISA test has been used satisfacto- 
rily for detccnng 5. entcnridis in Dutch breeder 
flocks (323). 

Antibodies deposited in egg yolks can also be 
used to detect poultry infected with PTsalmonellae 
Both microantiglobulin (111) and ELISA (14, 77, 
234) tests have been applied to find antibodies to 5.' 
enteriudis and S. typhimurium in eggs from natu- 
rally and experimentally infected chickens. Ga&t 
and Beard (HI) reponed that the presence of spe- 
eific antibodies in eggs from commercial laying 
flocks in the United Stales was directly correlated 
with the presence of S. enteriudis in tissue samples 
from those flocks. Van dc Gicsscn ct al. (320) found 
a direct relationship between specific egg-yolk anti- 
body liters and the incidence of shedding of 5 en- 
leritidis in the feces of laying flocks in the Nether- 
lands. 



PREVENTION AND CONTROL. Effon. to 
establish critical control points for preventing PT 
infections in poultry htc handicapped by the diver- 
sity of sources from \vhich saimonellae can be in- 
troduced into flocks or houses. Effective prevention 
and control programs, rhercfoit, must involve coor- 
dinated and simultaneous attacks on the problem 
from several directions Eggs and chicks or poults 
should be secured only from demonstrably Salmo- 
nella-free breeding flocks. Hatching eggs should be 
properly disinfected and hatched according to strin- 
gent sanitation standards. Poultry houses should be 
thoroughly cleaned and disinfected by recom- 
mended procedures between flocks. Rodent and in- 
sect control measures should be incorporated into 
house design and management and verified by peri- 
odic testing. Rigidly enforced biosecuriry practices 
should be implemented lo restrict entry onto poul- 
try housing premises to only authorized personnel 
and equipment, and to prevent horizontal transmis- 
sion of salmoncllac between houses. Only pelleted 
feed or feed containing no animal protein should be 
used, to minimize the likelihood of using contami- 
nated rations. Treatments such as medication, com- 
petitive exclusion cultures, or vaccination can be 
applied to reduce the susceptibility of birds to Sal- 
mcnetla infecdon Finally, the Salmonella status of 
poultry and their environment should be monitored 
by frequent testing. Such multifaceied prevention 
and control programs have reportedly been success- 
ful in addressing Salmonella problems in both 
chickens (90, 215) and turkeys (248). 

Increased international interest in controlling PT 
mfections, especially 5 enteriudis, has led to the 
devclopmcni and implementation of many testing 
and monitoring programs in recent years (3). In ihe 
United States, the National Poultry Improvement 
Plan (NPIP) defines stringcni sanitation and testing 
standards for breeder flocks to prevent the trans- 
mission of S emeritidis infection to egg- laying 
stock (317). Participation in this plan requires com- 
pliance .standards for feed selection and han- 
dling, disinfection of hatching eggs, and hatchery 
sanitation The NPIP testing for S enieriiidis in- 
volves bacteriologic monitoring of the environment 
and serologic monitonng of birds, with culturing of 
tissues from selected birds used for confirmation. A 
similar protocol, involving screening for infection 
with drag-awab samples of the manure pit and con- 
firmation of infection by sampling tissues from se- 
lected hens, has been used by the US Da to test epi- 
demiologically implicated laying flocks for 5. 
enierihdis (3 J 5). More recent programs to assure 
the microbiologic safety of eggs have continued the 
use of environmental sampling as a screening de- 
vice, but instituted egg culturing as the confirming 
step in place of culmring tissues (316). 
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Medication. Although medication is often used 
to prevent or treat PT infections, the effic^ and 
wisdom of using this approach are still topics of 
considerable debate. Antibiotics were used effcc^ 
lively both as therapeutic and prophylactic agents 
as part of control efforts for 5. enteritidis in broiler 
and broiler breeder flocks io Northern Ireland (215). 
Combined adminLStration of polymyxin B sulfate 
and trinnechoprim to chicks both prevented aikd 
cleared experimental infections with S. enteritidis 
(122). Various antimicrobial agents, including tetra- 
cyclines, ncotnycin, bacitracin, and sulfa drags (ex- 
cept in laying chickens) are approved and regularly 
used in poultry (225). Injectable gentamicin and 
spectinomycin are approved for use in controlling 
yolk sac infections acquired at the hatchery (225), 
especially in airkey poults. 

Williams and Whirtemore (343) reported that 
adding any of five different antimicrobial agents to 
the drinking water of chicks reduced the frequency 
of isolation of subsequently administered S. ty- 
phimurium from cloacal swabs. However, as birds 
removed from antimicrobial cteatmcnc were found 
to be active canieis of saJmoneUac, the investiga- 
tors concluded Chat drug excredon was often inter- 
ferir^g with recovery of the infccdng organism from 
fecal material, and thereby resulting in a misleading 
impression that treatment was efficacious. Olcsiuk 
ct al. (241) similarly found that five antimicrobial 
agents had only very limited value for preventing or 
eliminating expciimeatal 5. ryphimuriwn infection. 
The adixiinisiration of some antibiotics has been re- 
poned to increase the susceptibility of poultry to 
Salmcn^Ua infection, perhaps by suppressing the 
growth of other tniaoAora capable of exerting in- 
hibitory activity against salmonellae (207. 208). 
Antibiotics are also sometimes added to poultry 
feeds at subtherapeutic levels to promote growth. 
Both therapeutic and subdierapcutic anhbiotic ad- 
ministration has been shown to select for drug-re- 
sistant strains of salmonellae* thereby potentially 
compromising the effectiveness of those drugs in 
both animals and humans (117. 1 18, 177). Mulbplc 
resistant salmonellae, insensitive to the effects of 
several antimicrobial agents, have become increas- 
ingly prevalent among poultry isolates in both the 
United Kingdom and North America (81, 305). 

Competitive Exclusion. Newly hatched 
chicks and poults are highly susceptible to infection 
by PT salmonellae, but quickly become more resis- 
tant This age-associaied decrease in suscepdbility 
to salmonellae is largely attributable to the acquisi- 
tion of protective intestinal microflora from the en- 
vironment The evident ability of other intestinal 
bacteria to cxcn inhibitory effects gainst salmonel- 
lae has served as the basis for the development of a 



diverse group of treatments often refiened to collec- 
tively as competitive exclusion (CE). Competitive 
exclusion treatments involve administering defined 
or undefined bacterial cultuues to poultry in order to 
diminish intestinal ooloruzation by salmonellae. 

The efficacy of CE creaonent has been illustrated 
repeatedly in both chickens and turkeys, using in- 
testinal or fecal material from mature biids or un- 
defined anaerobic cultures derived from such mate- 
rial. Administration of CE culnues has been shown 
to diminish both intestinal colonization by various 
PT salmonellae and subsequent invasion to internal 
tissues (238, 259, 268, 283, 284). Used litter can 
also be used as a source of CE cultmes (62, 63). In 
field trials in commercial broiler chicken flocks in 
scvotJ nations, treatment with CE culnues led to 
signiacant reductions in the incidence of salmonel- 
lae in live birds and on carcasses (32, 124, 333, 
334). Afler antibiotic therapy to treat SalmofuUa in- 
fections in replacement pullet flocks, administration 
of a CE preparation was used efftctivcly for prxv 
viding a complete intestinal microfiora to prevent 
reinfection with salmonellae (170). In some in- 
stanoca, treatment with CE cultures has been ob- 
served to enhance the clearance of preexisting Sal- 
monella infections (330, 352). 

Competitive exclusion cultures have been shown 
to be effective against salmonellae following ad- 
ministration to poultry in a variety of forms, includ- 
ing crop gavage. application to the vent Up, whole- 
body spraying or droplet application, addition to 
drinking water, encapsulation in lyophilized algi- 
nate beads added to the feed, and in ovo inoculation 
into the air cell (64. 65. 72, 267), Considerable re- 
search has sought to identify the microflora con- 
stituents responsible for protection against salmo- 
nellae. A defined mixture of micnxwganisms would 
likely produce a given level of protection with 
greater consistency than unde6ned cultures and 
would also provide a greater assurance of safety 
than is available with mixtures of unknown ojgan- 
isms. The protective efTicacy of mixtures of small 
numbers of intestinal bactaria is usually very lim- 
ited (289), but more diverse defined mixtures can 
provide significant protection (66, 121. 236, 289). 

Several factors have been identified that affea 
the overall usefulness of CE cultures for controlling 
PT salmoikellae infections in poultry. Although CE 
treatment generally reduces the incidence of intesti- 
nal colonization by salmonellae, it does not prevent 
it altogether. Moreover, the protective cfTicacy of 
CE cultures can sometimes be overcome by severe 
challenge with salmonellae (283). Administration 
of CE cultures can thus contribute significandy to 
an overall Salmonella control effort, but proper 
cleaning and disinfection, btosecurity. rodent reduc- 
tion, and other sioular measures are stiil necessary 
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were cultureO from only 2% of 173 submissions nor 
comisponding to the profile for AIH/AVH. Both 
brilliant gneen agar and blood agar were suitable to 
culture VLOs from bile, and yielded a 32% recov- 
ery rate, compared with 35% using cmbryas, 

Siudies on field isolates derived from laying 
flocks in Ontario showed that VLOs isolated from 
either bile or cecal coniems of specific birds 
showed idenrical biochemical and serologic crite- 
ria. It was aJso noted ihat VLOs derived from vari- 
ous submissions showed differences in pathogenic- 
ity and ability to colonize the cecum (t33). In a 
recent study on the prevalence of C. jejuni in broil- 
ers from 44 farms sampled at the time of process- 
ing, 21% of 223 livers showing gross necrotic le- 
sions yielded three biotypes of C. jejuni, in 
comparison, an isolation rate of 12% was obtained 
from 50 unaffected livers, with bioiype 2 pr^domi- 
naiing. These observations would not, however, 
support the authors' contention that C jejuni was 
responsible for hepatic lesions (16). 

In assessing the literature relating to the 
AIH/AVH complex, it is evident that a field syn- 
drome in commercial laying hens occurred pnor to 
and during the mid-1960s. The syndrome was char- 
acicnzcd by low morbidity and mortality with de- 
generation of the liver as the principal diagnostic 
feature The current enigma facing pathologists and 
epidemiologists is the complete disappearance of 
the condition as a clinical entity from the United 
States and western Europe. 

Studies conducted during the past few years have 
failed to reproduce hepatopaihy using strains of C 



jejuni derived either from humans or av,an species 
(103. 104), It is noted that only cnlcntis. character 
^^cd by diarrhea, can be induced by infecting newlv 
hatched chicks (Ml) or poults (69). as well J 
mammalian food animals (30), exotics (74) and 
companion species (31), ' 

Necrotic hemorrhagic hepatitis-splenomegaly of 
commercial laying hens has been described iri 
Canada and regions of the United States. As yet no 
euology has been defined, but C, jejuni has b^cn 
isolated from livers of affected birds (99), 

There arc two speculative explanations for the 
disappearance of the AlH/AVH complex. The orig- 
inal condmon may have been caused by a pathogen 
other than the VLO diat was isolated, however, "be 
cxpcnmental reproduction of the condition with an 
agent cultured on artificial media tends to disprove 
Ous hypothesis (93). It is more probable that the 
VLO mieracied syncrgisdcally as an opportunist 
with some other pathogen (142). analogous to the 
associauon between C Jejuni and parvovirus in 
dogs (34) or with immunosuppressive or dcbilitat-. 
ing agents in humans (77). The primary pathogen or 
cofactor may have subscquendy been eliminated by 
comprehensive immunization programs introduced 
during the mid^ 1960s. There is no conclusive ex- 
perimental evidence to indicate the VLOs isolated 
from cases of AIH/aVH complex were in fact ' 
Campylobacters. Attempts in 1 985 to propagate and 
characterize the agent recovered from frozen 
lyophilizcd yolk material stored since I960 were 
unsuccessful (21). 



CAMPYLOBACTERIOSIS 



ETIOLOGY. Campylobacceriosis is anributed to 
infection by thermophilic member^ of the genus 
Camfiylohacter (107). The three species of clinical 
significance. C. jejuni, C. coii, and C. laridis, are 
microacrophilic, gram-negative, spiral, uniflagel- 
late organisms, which demonstrate characteristic 
darting modlicy when examined under dark-field iJ- 
lununation (118). 

Classification. The nomenclature of the genus 
Campylobacter has been subject to frequent 
changes in response to emerging biochemical and 
taxonomic criteria. Various classification schemes 
for the genus have been described (40. 60) that 
clearly designate C jejuni, the predominant organ- 
ism isolated from avian hosts, as a separate and 
valid species (121), and not a subspecies of C ferus 



as in early literature The phylogeny of the campy- ! 
lobacters has been evaluated on the basis of I6S n- ; 
bosom al ribonucleic acid sequencing, with C je- 
juni, C. colt, and C laridis included in Homology .^v 
Group 1 (132). Campylobacter jejuni iS the most Ii- 
frequently occurring member of the chermophihc . 
triad, but C. cali may occasionally be isolated from 
the intestinal tract of poultry and derived meat 
products (84. 102). Campylobacter laridis, prcvi- . 
ously referred to as an NaRTC (nalidixic acid-re- I 
sistani thermophilic Campylobacter) (7). is the re- i 
maining species in the related djermophil ic group ■ 
and is isolated mainly from free-living manne birds ; 
such as gulls {Larus spp.) (58). 

Morphology and Staining. Campylobacters 
are spirally curved rods which appear S-shapcd or j 
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0.8 M .„ diameter and 0.5 to 6.0 p i„ kng,h All 
speccs are modlc and possess a si^k polar na«e 

served (120). Campylobacieis are gram-neoative 
bat reqa.« a fuch«n-based cou„te«Ln of 
their telauvc .nabiliiy ,o take up saffnmin 006? 

Growth Requirements. The Campylobacters 
of chn.cal stcificance show optimal groVoTar 

growth occurs at 37 C. 

Campylobacters are microacrophilic. and satis 
facton^ propagation requite an atmosph^e 
pnsing 5% oxygen, I0% carbon dioxide and 85* 
n.^gen (98). Purchase of a comnSS gas Z 
w« .$ recommended for laboratories eonducZ 

aTeS^t 'v "'TJ^^'^Py**'""'"- An analysis of 
alternative methods to achieve a mictoaerobic cnvi 
ronment deluding commercial gas pacl ,oAai 

pie h« demonstrated various disadvanta-es relJ- 
mg to decreased growth, extended incubaS^n^ri 
ods, or high cost (44). ^ 

Mmpylobacters are necessary because these oSw 

sohd bruceUa medium incorporanng 10% ovi™ 
blood can be used to maintain viability of cuS 
for tnmspoit at 25 C for up to 3 wk (1 39) Six ,1^ 

'^fT''^ compSn'rslt 
lurea study of C, je/^/u suir^val. Carv-Blair me 

^aiy B air semisolid tranapon medium arc com 

Dunng the late 1970s, selective media confainin, 
antimicrobial compounds were introduced 
^.ngO^^lationandptopagationofc 

wood agar base, ovme, bovine or equine blood tZi 
v«,ous antibiotic additives, incluTg SSJa^f 
"ovobiocn, oimethoprim. actidone cyS" 
""tde, cephaloihin. and coJistin nw.~ 
«u«^of blood atid a?.ibToS'con« mills 

.0 both sici.ows'^-*Su;'^;f 

hM^' i 'e*' incorporating lysed hoise 

bteod and antibiotics yielded higher isoUtion ra^es 
Of C. jejuni than Skirrow's, Botzler's BlaserV n! 
Campy-BAP media. Recovery can be enhfnT.n k 
preincubation in P,es«>n enri^hm^nTb^^^^crsrA 
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semisdiid medium has been developed for tnwsport 

andennchmen, of fecal specimens. VhichSS 
tf^e rate of recovery of C Jejuni from patients r^ 

(S A Tro^°t '^T ^0"^ 
rhlL I ^'•^■'^ medium coniaininP 

cha^al has been shown to be as effective i„ J 
aung C. jyumji, conventional Skirrow s medium 
m. Campy-Choc Agar, a charcoal- and blo«^fr« 
-nedmm. compared favorably with three conve^ 
.onal media which yielded a 0.3% C. Jejur^Zl 
uon me m a survey of 2890 human fec^ ieci^e^ 

The cutrem status of isolating enteric pathogens 

Wewe^"lT''''°^f '"^ exten^ivdy r^- 
v«wed with specific reference to selection and 

I*'™'""' and seS 

Icceif ^ ^""^'-XionaJ media provide 

accepubic selectivity and inhibition for dia-nosdc 
and survey puq>oses (38). ""gnostic 

Colonial Morphology. The incubation period 
fcr deleting colomal growth ecne«,ly exce^24 
" -rfoiganisms in the m- 

ocuJum. or when an inhibitory medium is used, in- 
cubation for up to 72 hr may be requited to obs^r^e 
colony formation (82). On primary isol«iM 

wi* a tendency to coalesce, or be raised, opaque 
and brown-gray with discrete margins (120) The 
^«^ce of swanmng coloniesT adribuL^o 
higher moishim content of freshly prepared med a 
IT^^""^' •''•he discrete coloniesfo^e^^; S 

7 . Colonies arc nonhcmolyxic on blood aga? 



S^^nab.Tr^f"^"'*'*'''^- AS Campylobacter 
^ unable «> fetmen. carbohydrates, energy is de- 
lved from the degnriation of amino aciL. T^t 
at^tTT'" ^P"'^ ^'-i^- significance 

ove a„d ,„dole ^gauve (118). Differentiation be- 
^cai C jejup,. C. coli. and C. InridU is based on 

liable 10.1). The additional propenies of DNA hv- 

were incorporated into an extended biotypioe 
scheme for the three species (Table 10 2) 
isu^fo'f^Mtlr'" '"^°«.'>i'>=''emicaJ chan«:ter. 
t«n Ihtl <lifrcrentiaiion bc- 

Other sources have defined up to eight biotypes 
ofC. based on hydrolysis of DNAandhiJp^ 
«n ^Ir*" •"».«=''ar««l.yeast cxtnct agar 
he thSnThT biochenucal reactions of 

the thermophihc Campylobacters have been com- 
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Table 10.1. DiffcTtntuiion 3mon2 catalftsc-po&uivc 
Campylobacter specie s according lo biochemical characicr- 
rfticb 
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Table 10.2. Biocyping scheme for Campytobacttr jejuni, 
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prchcnsively reviewed with specific reference to 
differential characteriscics to distingoish between 
field isolatcij (40, U8, 121). 

Resistance to Physical and Chemical 
Agents and Antibiotics 

PHYSICAL AGENTS. Campylobacters are ex- 
tremely sensitive to desiccauon A suspension of C. 
jejuni impregnated onto a filler paper strip will not 
survive beyond 2 hr at 20 C (76). Infectivity is re- 
tained for up to 4 wk in water at 4 C (9), but C je- 
juni can remain viable in milk for 3 wic at 4 C and 
for 24 hr at 25 C (100). 

A comprehensive study on the survival of C. je- 
juni in biologic systems showed the organisn) could 
multiply in bile scored for 2 months at 37 C, but was 
rapidly destroyed in human unne at the same tem- 
perature. At 4 C, C jejuni retained viability for 3 
wIc in feces and 5 wk in urine (10). C jejuni per- 
sisied for a 10-day period on chicken portions 
.uored at either -9 C or -12 C. and contaminauon 
could be detected after 182 days storage at -20 C 
(145). 

Lyophilized cultures of C. jejuni in Brucella 
broth containing 0.16% agar and blood retain via- 
bility for many years. When cryoprotcctive agents 
such as dimethyl sulfoxide or glycerol arc added to 
heavy suspensions of the organism in brucella 
broth, survival exceeds 3 yr at -80.C (121). 

Irradiation pasteurization at a dose of 1.0 kGy 
from a CObalt-60 source effectively clinrunatcd C 
jejuni surface contaminaaon at a IcvcWof lO' 
colony-forming units (CFU)/cm^ (146). 



CHEMICAL RESISTAMCE. The in vitro scnsitivicy 
of C. jejuni to various disinfectants was assessed 
using three str3ins of the organism isolated from di- 
arrhcic human patients. A 1:200,000 solution of 5% 
sodium hypochlorite and a 2.5% solution of 10% 
formaldehyde both dcsiroyed C jejuni within 15 
min. Contact with 0.15% organic phenol, a 
1:50,000 quaternary-ammonium compound, or 
0.125% glouraldchydc killed a 10^ CFU suspen- 
sion of C. Jejuni within 1 min (140). Resistance to 
chemical agents is increased by the protective ac- 
tion of biological material In a comparative study 
of the efficacy of chemical disinfectants used in the 
food industry, it was shown that 3% succinic acid, 
0 5% glutaraldehyde, and 25 ppm poly-(hcxameth- 
ylenebiguanide hydrochloride) were all able to re- 
duce significantly the level of C jejuni contamina- 
tion on the surface of chicken drumsdefcs. Chlorine 
levels below 120 ppm were ineffeaive under con- 
ditions simulating immersion in poultry processing 
plant tanks (146) 

AhrnBIOTIC SENSITIVITY. The antibiotic sensitiv- 
ity of the three thermophilic Campylobacters has 
been extensively documented (61, 121). A study 
conducted in Sweden showed close similarity in an- 
tibiotic sensitivity between approximately 75 iso- 
lates derived from diarrheic human patients and 
from processed broilers. The majority of isolates 
were sensitive to erythromycin and doxycyciine, al- 
though a high proportion of strains were resistant to 
the tetracyclines, and an acceptable response to 
gentamicin. chloramphenicol, and carbcnicillin was 
obtained (129). Similar results were achieved in an 
investigation involving 276 food animal isolates, 
including 107 derived from chickens and 403 hu- 
man fecal isolates from paucnis admined lo a hos- 
pital in Brussels. Furazolidone was shown to be the 
most effective compound, with most human and an- 
imal isolates also sensitive lo erythromycin and 
gentamicin. Approximately 26% of the chicken 
strains wcrt resisunt to tctracyclitie (136). In cvaJ- 
uating the efficacy of 16 antimicrobial compounds 
against 103 clinical isolates of C, jejuni, kanamycin 
and gentamicin were shown to be completely effec- 
tive, in contrast to tetracyclioe. penicillin G. and 
erythromycin. Approxinwiely 38%. 36%. and 1 3% 
of the isolates were resistant to these three com- 
pounds, respcciively (79). The biochemical mecha- 
nisms and genetic aspects of antibiotic resistance in 
Campylobacters have been comprehensively re- 
viewed in relation to quinolones, tetracyclines, 
aminoglycosides, and macrolides (131). 

Serotyping. A significant advance in seroryp- 
ing C jejuni was achieved with the introduction of 
the Penncr scheme based on ciolublc. heat -stable 
"O" antigens derived from surface lipopoly saccha- 
rides (95) Antisera produced in rabbits can be ap- 
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plied 10 a passive hemaggluiination technique «o 
idenufy 60 serotypes of C. jejuni. SubsequenJ stud- 
ies Showed that C. jejuni and C coU have individ- 
ual anugens, with minimal commonality between 
species (96). The alternative Lior serotyping 
scheme is based on heat-labile "H" antigens (72) 
This system is read using slide agglutination ancl 
requires tnultiplc absorpUon of heterogenous anti- 
sera. In a companion between the two schemes the 
Penner technique was found to be tnaiginally more 
specific than the Lior system and. although requir- 
ing more equipment, was faster under practicalcon- 
diuons m a diagnostic laboratory (92) 

mRpS T'^^'^ wdonuclease DNA analysis 
(BRENDA) has been used to differentia* campy- 
lobaciei^. An epidemiologic study has demon- 
strated th.t50% of a sample of 316 isolates of C j". 
jum. representing 11 of 60 BRENDA types were 
common to both humans and poultry (57); 

PATHOGENESIS AND EPIZOOTIOLOGY 
Natural Hosts. Poultry setve as primary ,«er- 
to 90??f «?«nnophiUc campylobacteTSl). Up 
10 90% of brotlers may be infected (8). whi k 100« 

(97) may harbor the ot^anistns 

ff*" <^'"Wte*«'«.have been .so- 
m^Z r 'fJ'"^ States 
»mong game buds including panridges, pheasants 
SJI C>"«Pylobae,trs ha«e 

u ^PP«>*'™teIy 8% of samples taken 
from etght spec.es (Columbiformes and ft^seri 
formes) in a Japanese investigation yielded Cie- 

than fh,m gramvores (54). Tht prevalence of C le- 
C ' -.r"" ' of *e intensity of 

wtngenetaliy reveal iniestmaJ infection in many or- 
. den of e.oUc and domestic birds within a specific 

Sl^l"'"*"?' TtT'^widetaflgeoflab- 

eludes rabbits, mice, tats, hamiters, and wimates 

S?n J;?"""' ""f': <=<^Wobacter enS- 

fe„;^ ™" '"^"'^ ^'5>' 

sue^^in^'"''*^'^ •'^ propagated in vitro in ti.,- 
sue culture systems, including Chinese h«n«^ 

.■^r^ "'^ "^"'^ (28). and hutiTe^ 

thehaj cell l,„cs (18). Fertile chicken eggs serve ^ 
^ convenient system for isolation and Ap^^ 

UOnTemh""'" c'.Sec- 
■ion of embryos can be achieved by either the 
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Chorioallantoic route or by direct inuavenous iniec- 

system can be used as a model to differentiate bt- 
tween the relative virulence of various strains of C 
jejum^a C. coli derived from cases of human and 
animal enterocolitis. Fecal isolates of C. jejuni ob- 
tained from chickens and turkeys are ledial when 

ZT^f^ ^""^ ^-nbryonated 

eggs Of the conesponding species (69). 

Transmission. Despite the fact that C. jejuni is 
hS"L^ ^ intestinal commensal in 'floo ! 
housed turkeys, brotler breeders, and layer-type 
breeder chickens, there is no evidence to show 
c^pylobacer. can be transmitted venicalJ, by^- 
e/J ^nT"" Pe-^'ration of the 

flLm ' ovipwit^on. An extensive survey 
faled to demonstrate C. jejuni in femle turkey eggs 
and poults denved from a flock known to cany dfe 
oijanism (J). Another study showed that Cjejuni 

fmm '»'^P"« of Sie otganism 

StiJn ofT'"*' ^7" (27). In^equent 

uolation of Cy«/uni from the inner and outer «nem- 
b^^es of refrigented eggs is attribuUble to^hdl 
darnage. Failure ,o demonstrate c. jejuni within or 
on the surf^ of table eggs was confirmed in fieW 
«^es conducted on three fanns in Louisiana (1 14) 
and on 23 units in New York (6). I, is possible o in- 
duce egg-penewaon by immersion in a Suspension 
?Lsure '''"^ "^■"P='«"re o? 

S.aTunlr?""'^ "^"""'"'^ (22). Itis concluded 
■n'?^"^"' conditions, desic- 

MUon will desDPoy organisms on the suritce of 

uoTa^ " ^""P'^rio'l following oviposi- 
uon. Arxifical contamination of eggs witf, a fejal 

exceed 16 hr. and that 50% of the artificially conta 
mmated egg shells we« free of viable cj^^lo^. 
lers withtn 10 hr (114). Rejection of grosshf^Sl 
eggs, physical removal of small quan'ti des oftS 
matenal adherent to the shell surface, and fumiga 
uon or chemical disinfection within 2 hr of Zll 
uon will all reduce the possibility of egg-bo^ 
transmission of Campylobacters (115) 
th^T^" "conclusively demonstrated 

contacts (81). This study also showed that intestinal 
inf^tion persisted for a, least 63 days in b,^ le« 

pXXr 

Houseflies (Musca domestica) can acquire Cje- 
juni from contaminated litter and are capable of 
^^r^"^ "^'^'"^ '° siscepUble chicks under 
cononolled e;tpcnmental conditions (113). Afield in- 
vesogauon that revealed 50% of houseflres in 
vicinity of a poultry fa,™ were infected wi* C Z 
J-n. (lOl) and the recovery of the organism from 
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cockroaches (135) imply that insecw may play a 
role in transmission of campy lobacicriosis. 

The presence of C jejuni in the feces of domes- 
tic span-ows captured in a turkey house suggests the 
role of firee-living birds in introducing infccnon into 
commercial poultry flocks (1, 122). 

Surveys on broilet^ (85) and turkey flocks (1) 
showed that chicks and poults remain uninfected 
for up to 3 wk when placed into thoroughly disin- 
fected houses containing new lirtcr. Both C jejuni 
and C coli can be introduced into houses by non- 
confined companion animais. vermin, and footwear 
contaminated with feces and liner (4). Campy- 
lobacters are spread rapidJy within flocks by hori- 
zontaJ, fccal-orai infection. Consumption of fecally 
conuminaied feed and litter and nonchlorinatcd 
water dispensed from trough-type drinkers con- 
tribute to dissemination of the organism (41). Poul- 
try strains of C jejuni have a marked capacity lo 
spread horizontally among chicks in hatchers dur- 
ing the last 24 hr of incubation, and with subsequent 
posthatch processing. Aruficial infection of one 
chick m a hatcher resulted m recovery of C jejuni 
from 70% of the intesti nes of contact chicks after 24 
hr(23). 

Incubation Period. Campylobacter jejuni col- 
oni7ed the intestinal tracts of 62% of a batch of sus- 
ceptible day-old broiler chicks within 24 hr of ad- 
ministration of either 102 CFU by the iniracloacal 
route, or 10* CFU instilled into the crop. The prt>- 
ponion of chicks yielding C jejuni on cJoacal 
3wabs increased to 88 and 979b, respectively, on the 
3rd and 4th days postinfection (116). In Japanese 
quail, C. jejuni could be recover^ from feces (4 
CFU/g) 1 day after receiving an oral dose of 10» 
CFU (78). 

Clinical Signs. The severity of clinically de- 
tectable changes, usually confined to depression 
and diarrhea, is dependent on infecbve dose, strain 
of C jejuni or C coli, and age of the host. Concur- 
rent environmental stress factors or intercurrent dis- 
ease and immunosuppression may exacerbate the 
pathogenicity of C. jejuni. 

A pathogenic, invasive suain of C. jejuni isolated 
from diarrbeic human patients in Mexico produced 
diarrhea in 88% of a bau:h of day-old chicks which 
received I0« organisms orally. A\lthin 24 to 72 hr. 
affected chicks showed depression, fecal saturation 
of the vent plumage, and watery droppings, which 
persisted for 8 days. Monality of 32% was recorded 
in infected chicks from which C jejuni could be 
isolated from the hean blood and intcsiinal u-act 

(103). Infection of holojfcnic (convencionally. 
reared) chicks with C jejuni in a tnal designed to 
mvcsugate compeiidvc exclusion, resulted in tran- 
sient diantica (123). Similar observations were 



made in broiler chicks that were inoculated with 10^ 
to 10* CFU of C jejuni derived from diarrhcic pa- 
ticnts in Bangladesh (104). 

In contrast, experimental infections have not pro- 
duced any clinical abnormalities m broiler chicks 
aged either 2-3 days or 3 wk, although intestinal 
colonization was achieved by inoculation via both 
the oral and cloacal routes (116). In a comparison of 
age susceptibility, diarrhea was induced in chicks 
within 12 hr of hatch compared with birds 3 days of 
age which were unaffected by an oral dose of W 
CFU. Signs of C jejuni infection included diarrhea 
characterized by the presence of mucus and blood 
commencing 6 hr after inoculation and extending 
for 10 days. Recurrence of diarrhea was noted in the 
subjects housed on raised wire-mesh floors, which 
inhibited coprophagy (141). 

C. jejuni isolated from feces of turkeys produced 
cransicnr foamy diaahea and depressed 21 -day 
body weight in poults infected at cither 2 or 4 days 
of age with 5 X 10* CFU by the oral route. In con- 
trast, chicken-origin C jejuni was apathogenic 
when introduced into 2- and 3-day^oId chicks (69) 
Intestinal colonization of non-clinically affected 
broilers may be influenced by genetic factors pre- 
sumably associated with the major histocompatibil- 
ity complex controlled by immune-response genes 
designated "Oegion" (128). 

Gross Lesions. The principal change associ- 
ated With C jejuni infection in chicks comprises 
distention of the intestinal tract extending from the 
distal duodenal loop to the biftircadon of the ceca. 
Accumulation of mucus and watery fluid occurs 
(104), and depending on the cytotoxic properties of 
the Campylobacier involved, hemorrfiages may be 
present (141), consistent with observations in hu- 
man campylobacceriosis (66). 

The presence of red or yellow monjing of the 
liver parenchyma was noted in newly hatched 
chicks subjected to conuct infection by toxigenic 
and invasive strains of C. jejuni during the last 24 
hr of incubation (23). This observation may relate 
10 an experiment in which focal hepatic necrosis 
was induced in 60% of a batch of cxperimcniaJly in- 
fected chicks which received the immunosuppres- 
sive agent cyclophosphamide. Untreated control 
chicks infected with C. jejuni failed to show liver 
lesions (124). It is likely ihat an intact and func- 
tional immune system is required to prevent dis- 
semination of the organism from the imesbnal tract 
(14). 

Histologic Lesions, Histologic changes ai- 

tribuied to C jejuni infection include congestion 
and mononuclear cell infiloraiion of the lamina pro- 
pria and destruction of mucosal cells in the entire 
intestinal tract. Edema of the mucosa was noted in 
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; . llfium and oeca, with accumulation of mucus, 
inrdtfdcytes, mononuclear cells, and a few poly- 
ii^fphonuciear cells in ihe lumen. Within 48 hr of 
IKiOtlon. hypeirpiasia and villous atrophy were ev- 
V^fll In the distal jejunum. Elecmm microscopy re- 
^Mod the presence of campylobacten within and 
iMHWDcn celts of the epithelium and lamina prapna 
tW) 

in mild cases characterized by discentioQ of the 
, j^num, microscqnc chai^ were confined to 
Wmucosal edema with gtam-negadve curved rods 
itfhcnrnt 10 the brush border and within enterocyies 

HW). 

DIAGNOSIS. Hiennophilic Campylobacters 
1^ be isolated from feces, and cecal and jejunal 
itintcnLs. With systemic infecdon, the oi^ganism can 
be recovered from liver tissue, bile, and blood. 
HiCAusc of the sensitivity of campylobacten to des- 
Nfomion, special piecaudons are required when sub- 
Mning fecal or other biologic material to a diag- 
MMlic laborato(>. It is advisable to sample using a 
' (tkmmcrcially available transport system corapris- 
0 rayon-tipped swab, which is inserted imo a 
l0bc containing Cary-Blair medium. Bile samples 
fin be obtained by direct aspiration from the gall- 
Muddcr using a sterile tuberculin syringe. 

Isolation of thermophilic Campylobacters re- 
quires incubation of culmres foe 4&-72 hr at 43 C in 
l inicroaerobic atxru»phere. Selective media arc re- 
tired to suppress the growth of concaminants in fe- 
eil and odwr biologic samples (91). Differendadon 
kiween C, jejuni, C coU, and C. laridis, and their 
Hgiypes, can be achieved flying die criteria of 
thcubation temperature, nalidixic acid sensiuvity, 
hl|»purate hydrolysis, and hydrogen sulfide produc- 
tion (71, 119), A serotyping scheme, such as die 
Pcnncr system, can be used to identify specific or- 
laniKms for epidemiologic investigations (96). 

A 45 -kD outer-membrane protein of C jejuni can 
^ deificced in culmres of the organism by applying 
on oligonucleotide probe in a dot-hybridizacion as- 
Wy(67). 

PUBUC HEALTH SIGNIRCANCE. Human 
campylobacieriosis is a food-borne oondinon of 
•merging significance (U, 24, 110, 112). During 
1984, djc Campylobacter isolation rate in the 
United Stales attained 4.9/100,(XX) populauon. with 
C jejuni representing 99% of the species cultured 
(130). This esdmaxe grossly understates die acnial 
prevalence of campylobactcriosis, which may be re- 
iponsible for 2.1 million cases annually in the 
United States (83). I^ojections of cost associated 
with diagnosis and neatment of human campy- 
iobacteriosis. including lost productivity and 
deathSv range from 700 million co 1400 million dol- 
lars per armunrt 



•Early studies on the epidemiology of intestinal 
campylobacteiioGis in human populations demon- 
straicd that consumption of chicken meat was a sig- 
nificant risk factor (12. 87, 1 17). TYic high carriage 
rate of Campylobacters in the intestiruJ tract of 
broilers (47) and turkeys (73) contributes to coo- 
tarainazion during processing (42). This is reflected 
in high levels of C. Jejuni on poultry meat (90). Re- 
covery of Campylobacters from chicken cutlasses is 
approximately six times higher than from pork or 
beef, and ranges from 30% to 100% of specimens 
surveyed (125). 

Tlie association oi Campylobacters with poultry 
meat represents a significant potential for human 
food-bome infection under oondititms of defecdvc 
handling, inadequate refngerazion. and imprt>per 
preparation (25. 53). The correlation between spe- 
cific C jejuni aiul C. coU serotypes in poultry and 
in diarrheic humans has been documented, with 
Penner groups 2, 5, 7, 9, and 22 predominating (5). 
The staff' of poultry processing planes are exposed 
to campylobactcriosis by handling concaminated 
material, and the condition may be regarded as an 
occupational disease (46, 56). An outbreak of 
Camfrylobaaer enCcricis in Sweden involved 71% 
of a group of 24 temporary workers who became ill 
within 2 wk of commencing employment in a poul- 
try plant. In contrast, only 30% of the long-term 
employees were infected (20). The dynamics of 
Camfylobarier contamination of poultry meat and 
its relationship to human intestinal infection have 
been extensively documented following completion 
of a comprehensive epidemiologic study conducted 
in King County, Washington (49, 50). 

Based on field surveys showing a low prevalence 
of egg shell contamination with C jejuni, and tbe 
sensiuvity of the organism to desiccation and ^p- 
proved iodusiriai egg-washing compounds, it is un- 
likely chat campylobactcriosis is attributable to coo- 
sumption of commercially produced tabic eggs 
(55). 

PREVEfiTiON AND CONTROL. It is im- 
practical to apply preventive action to reduce 
Campylobacter infection in broiler flocks reared on 
litter. Although extreme biosecurity measures may 
liiTtii the introduction of Campylobacters imo breed- 
ing fanru, current practices in tbe U.S. broiler in- 
dustry contribute to infection before depletion. Un- 
der commercial conditions, uiuestricted movement 
of personnel, recycling of litter, and the use of 
earth'-floor convecuon-ventibied housing subject to 
ingress by flies, vcrtnin, and possibly wild birds, all 
contribute to colonization of the intesiinal tract with 
C. jejum and C. coli (112). Since coprophagy en- 
sures rapid horizontal spread within a flock (81 ), the 
expedient of cnultitier mcsh-floor growirvg would be 
required to reduce or obviate transmission. Thor- 
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ough decontamination, including removai of liner 
and disinfection of equipment and buildings fol- 
lowed by a rest period of ai least 7 days, wUI effec- 
tively eliminate residual carapylob^tere in Doultrv 
housing (37). *^ ^ 

Despite early snidies showing ihc inhibition of 
Campyhbaaer colonization of the intestinal tract 
by competitive exclusion flora (124), recent trials 
have shown variable results in reducing infection 
rates (116). Defined cultures comprising Cirrobac- 
eer diverjus, Klebsiella pneumonia, and Es- 
cherichia colt in combination with 2.5% dietary 
rnannose significantly reduced incesbnaJ coloniza- 
tion raU3- but did not climinaze infection (105). 
These findings are attributed to the association of C 
jejuni with the intraluminal mucin layer and failure 
of the organism to adhere to enterocytes (127). 

Although it is unrealistic co achieve complete 
cUminauon of Campylobacter infection during the 
growing period, it is possible to ameliorate process- 
ing plant contamination by disinfecting transpon 
coops and by withholding feed for ai least 8 hr prior 
to flock depletion. Postprocessing decontamination 
of carcasses and portions wirfi chemical sohitions 
will reduce the level of C jejuni. A 0.5% acetic or 
lacac acid rinse effecrivcly limits levels of viable 
organisms under controlled laboratory conditions 
( 1 26). Subsequent studies have shown that 1 20 ppm 
chlorine, wann succinic acid, and 0.5% gluiar^de- 
hydc all rtduccd C jejuni contomination of drum- 
sacks (146). Gamma radiation of poultry meat at 
suhradicidalion (pasteurixanon) levels of 1-5 IcGy 
using a cobalt^ source will eliminate Campy- 
lobacters wiihoui inducir^g any undesirable 
wganolcptic or biochemical char^ in product 
(68). 
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NECROTIC ENTERITIS 

Martin D- Ficken and Dennis P. Wages 



a dii»- 
4. An 



HISTOHY, INCIDENCE. AND DISTRIBU- 
TION. Necrotic entciibs (N£) in domescic chick- 
ens was first described by Parish in 1961 (54. 55, 
56), who reproduced the disease with a strain of 
Clostridium welchii (C perfringens). Tt subse- 
quently has been reported from most areas of the 
world where poultry is produced (7, 13. 19. 20, 38, 
42, 44, 48, 51, 71). Clostridium difficile was iso- 
lated from a case of necrotic eniericis in a young os- 
trich (50). 

ETIOLOGY. The cause of NTE is C. perfringens 
lypes A (3, 9, 14, 41. 45. 52, 60, 70, 73) or C (22. 
41, 51. 56, 60, 62). Some isolates of C. perfringens 
from cases of NE do not yield enough toxin in vicro 
10 permii typing (41. 45). Alpha toxin produced by 
C. perfringens types A and C. and beu toxin pro- 
duced by C perfringens type C, are those believed 
responsible for intestinal mucosal necrosis, the 
characieristic lesion of NE. Both have been de- 
tected in feces of chickens with NE (41). Alpha 
toxin, obtained from broth culture supernatant flu- 
ids of type-A C perfringensXS, 52) is capable of 
producing characteristic intestinal lesions in con- 
ventional (5) or germ-free chickens (29)- 

C perfringeru can be readily isolated on blood 
agar places incubated anaerobically at 37 C 
overnight C- perfringens colonics on blood agar 
(with rabbit, human, or sheep blood) are surrounded 
by an inner zone of complete hemolysis and an 
outer zone of discoloration and incomplete hemoly- 
sis and are composed of short to intermediate, 
grun-positive nods without spores. Positive identifi- 
cadon of the organism is made by inoculation of 
differential media (1). Most strains ferment glu- 
cose, maltose, lactose, and sucrose, do not ferment 
mannitol, and variably ferment saltcin. Principal 
prxxlucts of fermentation are acetic and butyric 
acids. Gelatin is hydrolyzed, milk is digested, and 
there is no indole production. Growth on egg yolk 
agar demonstrates preserice of lecithinasc and ab- 
sence of lipase production, SubcuJiuring on egg 
yolk ag^ plalcs, one-half of which have been 
spread with C perfringens antitoxin, and incubat- 
ing anaerobically overnight, will produce a zone of 
precipitation around colonies on control sides of the 
plate and linle or no precipitation on side^ spread 
with antitoxin (1). 

PATHOGENESIS AND EPIZOOTIOLOGY. 

Naturally occurring outbreaks of NE have been re- 
ported in chickens from 2 wk to 6 mo of age. A ma- 
jority of reports of NE have been in 2- to 5-wk-old 



broiler chickens raised on litter (7. 13, 31, 36, 38, 
44, 48. 51, 71). Hovi'cvcr, outbreaks in 3- lo 6-mo- 
old commercial layers raised in floor pens have also 
been reported (19. 42), and outbreaks of NE and 
coccidiosis have been reported in 12- to 16-wk^ld 
cage-reared layer replacement pullets (18, 28). Sub- 
clinical NE in broiler chickens was significantly 
comelaied with decreased grovt/th rate and feed uti- 
lizauon, arul occuned more frequently in flocks r&- 
ceiving high-barley diets (39). 

Necrotic enteritis has been reponed in turkey 
poults (25), 7-to 12-wk-old turkeys (32), arwl 
turkeys with concurrrni ascarid infection (53) or 
coccidiosis (24). 

C perfringens can be found in feces, soil, dust 
contaminated feed and liner, or tntesanal contents 
(41, 43). In various outbreaks of N£, contaminated 
feed (20, 28. 73) and coniaminaied litter (72) have 
been incriminated as sources of infection. 

Reports vary on the numbers of C perfringens 
that can be consistendy isolated from intestinal 
tracts of normal chickens. Some studies have found 
C. perfringens to be the principal obligate anaerobic 
bacterium in the intestinal tract of chickens (37, 
63), whereas others have reported it only sporadi- 
cally and in low numbers horn small intestine of 
normal chickens ranging in age from recently 
hatched to 5 mo of age (U . 12, 61 , 64, 69). Manip- 
ulating the diet can affect the population of C. per- 
fringens in the intestinal tract (65), suggesting that 
C perfringens numbets within the intestinal tract, 
and onset of intestinal clostridial disease in chick- 
ens, may be precipitated by the nature of the ration 
(51, 59). High levels of fisbmcal (38, 70) or high 
levels of wheat (17) or barley (39) in the diet can 
predispose to and/or exacerbate outbreaks of NE. 

Damage to the intestinal mucosa is another pre- 
disposing factor for NE (5, 70). Factors such as 
high-fiber liner (70) or various strains of coccidia 
(2, 6, 8, 9, 10, 36, 62) combined wiih higher than 
norma) numbers of C. perfringens can result in NE. 
Necrotic enteritis has been experimentally repro- 
duced in chickens (9, 21, 33, 34, 35. 57, 58). 
turkeys (26). and Japanese quail (22). In conven- 
tional chickens, the incidence can be from 
1.3-37.3% and as high as 62.0% in specific- 
paihogcn-free chicks (9). Necrotic enteritis can be 
reproduced by rearing chickens on liaer in facilities 
where the disease has previously occurred (34, 35, 
47, 72); feeding feed contaminated with C. perfrin- 
gens (45, 70); administerii^ vegetative cultures of 
C perfringens intravenously (16). orally (16), or 
into the crop (9); administering intraduodenally 
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c^^"*'"""^^^ ^^^'^^^ (3), bactcria-fitc 

01 C. p€ffnngens and its toxins (5. 10); or by dos- 
mg chickens wiih sporeJwcd oocysts of f^ha 
spp. and teding vegcubvc cultures of C perfnn- 
fo)^ ^' /^<A^y«Rr-concaminated feed (2, 8, 9. 

S^NSAMDlfSlONS. Qinic^ «g„. « 
urally occumng outbreaks include marked to severe 
depreM,o„. deowsed appetite, wluciance to inove 
diarrhea, and raffled feaihen (7. 15. 36. 44. 51 54" 
71) Chmcai xIltKs, is voy short; often binls are' 
just found acutely dead. 

Gross lesions in naiutally occuning outbreaks 
« aiually confined to the snail inl«ti„e. phmar- 
ay jejunun.andUeum(Fig. I2.4A,C)(7. 15. 36 51 
71); however, cecal lesions have been describ«i 
(46). tottsiincs are often ftiabic and distended with 
g«. nie mucosa is lined by a loosely to tighUy ad- 
teent yellow or gteeii pscudomembianc. Flecks of 
blood have been reported, but hemorrhage is not a 

charactcnied by a gray, thickened mucosa ii, the 
duodenum ai»d jejunum may be observed as carty as 
3 hr foHow„^g u„«,„tio„ of C. ptrfnngen, (3). By 
5 hr there u necosB of the intestinal mucosi 
whtchprogresses over time to a severe Gbh- 
noneaouc «itentis with fonnation of a diphtheritic 
membrane (9. 62). Swollen liven with netSotic Si 
may accompany C. petfiingens infections (25) 

Microscopic changes in natural outbreaks' are 
ehanctenrcd pdmarily by severe necrosis of the io- 
tatinal mucosa with an abundance of fibrin ad- 
mixed Witt, cellular debris adherent to tbe necto^c 
mucosa (F,g5. 12.4B.D) (15. 36. 46, 51. 71). lSj 
lesions develop at the apices of villi, and are char- 
^^TVt ^ ^«'"«*^S «rf epithelium and coloniza- 
uon of the exposed lamina propria with bacilli ac- 
companied by coagulMion necrosis. Areai of 
oecn»i3 are surrounded by hclerophib. Progression 
of lesions usually occurs from viiu apices looypts 
Necrosis may extend into the submucosa and mus- 
cular layers of the intestine. Numerous larec baciUi 
« often observed attached to cellular debris. In 
buds thai survive, regenerative changes consist of 
crypt epithelial cell prolileradon with a correspond- 
ing increase m mitodc figures. Epithelial cells are 

pnmanly cuboidal, with a relative decitase in Bob- 
let and columnar epithelial cells. VHli are relatively 
short and flat. In many outbreaks, various sexwU 
and asexual stages of coccidia are also found in the! 
intesonc(36.^51). iwino in tne 

ri«!!*i5^1'*^^ experimental inocola- 
oon of C. peffnngttM (3) occur as early as 1 hr fol- 
tewing challenge, and consist of slight edema and 
dilauon of vessels in the lamina propria, sloueted 
epithelial cells in the intestinal lumSn a^dTcS 
sional heterophils and mononuclear cells in the 



lamina prepna. By 3 hr. marked edema, resulting 
detachment of the epithelial cell layer ftom tbe l3 
in» propna. mosUy at the apex of villi, has oceurroita 
Mononuclear cell infiltration of the lamina prepSsi 
IS more marked than earlier. At 5 hr, there is maricwi l 
coagulation necrosis of the epithelial cell layer aiid<. 
lamina propria at villous tips, resulting in villui^ 
shortening. Colonization of org«Disms may b*! 
prominent on necrotic tissues and apices of exposed 
"anuna prepna. Blood vessels are very coi»^ted' l 
occ«,onally occluded by hyaline throtnbi. S 8-li^* 

iiJjr' " u™^"" some in. % 

sunces reachmg to the crypts. chan«erized by a^ J 
eas of amorphous eosinophiUc-staining material ! 
and cell nuclei. Fibrin ^ cellular debrif are pre,' 
cm 11) tnc Jufnen. 

DIAGNOSIS. Diagnosis of NE can be mada 
iMsad on t,y,cal gross and microscopic lesions and is 
jsolanon of the causative agent, h'^eld <^ 3 | 

.«K„,i'*'^"^"" ** "^"y ^'"^ ffom in- I 
tesbnal contents, scrapings of intestinal wall, of 1 
hemonhagu: lymphoid nodules by anaerobic incu- 
bauoo overwght at 37 C on blood agar plates (27). 
Wennficauoo of C. pe^„,,„ can he to^as d?: 
scnbed under Edology. 
Diseases that must be diflferentiatal from NE ait | 

tecuon. Ulccraove cnicritis is caused by C colinum I 



12.4 



\.Nccioiic enteritis in a 7-*k<,|d feroUor 
breeder chicken with coftcurrcru cottidiosis. Notf 
ihe hypcrtmia and aifhue ncciwis of the n««:a« 
wrth mu^ufocil ulceration: (Munger) A In«ane of a 
tuAcy stowmg imifbrrn diffuse coition necrotli 
of muco«. Deeper vuble ™.oo»«l tissue is demon, 
cjted from Dccrocic luminaJ mucoMi bssuc by « 20f^ 

xza (Bvnes) C Necrotic enicritit in a 6^wk-oId nn^ 
»»ch. C difficde Uolaied (Munger) O Histoloac Is. 
siona of the c«c in (Q. Scve.^ diffuse ooaguTauon 
necnsis with sepwion firom underlying vuble 
tuc by M iniensc zone of inflaoinumon. Note numci^ 
ous luge gram-positive biciUi priirarily located m 
ihc .nterf^c of the necrotic «kI viable tissue. x30 
(Munger. Barney) £ Gaiigicnous dcmatiti, aTfecnnfl 
wing of a I2^y^|d broiler. Spontaneous sep,raiion 
or epidcmiis rrvealing edematous, hypercroic 
Mcuicly inflamed dcnms. (Miinger) F, Bfoilcr 6.«/k." 
ofd, with gangrenous dermaiitis. Extensive discol- 
oittl patches of necpwic skin arc prttent on the .ib- 
domen. (Barnes) G. Same biixl as m {F) Skin 
reflected (o jhow discolortd muscle and acroun- 
fiuinous fluid expanding undcriying dermis. (B««c.) 
W^km from . tuikey with gingrenous dcrmaiiri*. 
Demiia hewaih . Dormal epidenni. i, markedly cv 
panded by fluid and gas. Cutaneous mu«:le i, unde^ 
gomg rhadomyoiy«a. Cellular changes an: minimol 
(oabscnt.if|3.(Banic*) 
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(sec section on Ulccraiivc Eniehtis in this chapter); 
chanctcristic gross le&ions are multiple areas of 
necrosis and ulceration in the distal small intestine 
and ceca and areas of necrosis in the liver. As de- 
scribed previously, lesions of NE ait usually con- 
fined to jejunum and ileum with little or no inr- 
volvcmcni of ceca or liver These distinguishing 
characceristics should allow difTerendaKion of N£ 
and UE. Isolation and identification of the causative 
agent will confirm the diagnosis. E. bnmeni tnfec- 
don (see Coccidiosis, Chapter 34) causes gross le- 
sions similar to those produced by C perfringens; 
however, rnicroscopic examlnadon of fecal smears, 
impressions, or intestinal sections should demon- 
strate Che presence or absence of coccidia. Finally, 
NE and coccidiosis often occur simultaneously in a 
flock, and dexnonscnuion of one or both agents is 
warranted. 

TREATMENT AND PREVENTION. Experi- 
mentally, in vivo, a number of antibiotics placed in 
the feed reduce the numbers of C. perfringens shed 
in feces (66, 67, 68). These include viiginiamycin, 
niirovin. tylosin. penicillin, ampicillin, bacitracin, 
furazolidone, and efrotomycin. 

Outbreaks of NE can be effectively treated by ad- 
ministraiion of Hncomycin (34, 35), bacitracin (58), 
oxyieiracyclinc (7), penicillin (42, 45), or tylosin 
tanrate (42) in the water. Bacitracin (57, 72), lin- 
comycin (47), virginiamycin (23, 33), penicillin 
(51). avoparcin (39, 49, 57), and nitrovin (49) have 
been shown to be effective in preventing and con- 
trolling NE when placed in the feed. 

Removal of fishmeal from Che ration can help 
prevent clostridial infecdons in poultry (20). Ptobi- 
oiics sucfa as Laaobacillus acidophilus and Sirepto- 
coccus faecium reduce the severity of NE (30). Ad- 
dition of S. faecium to cultuies of C. perfringens 
results in a wide zone of inhibition (40). 
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Protozoa 



INTRODUCTION 

Larry R. McDougald 

Protozoa are common in poultry and oiher birds, 
and some cause moderate or severe disease. Para- 
sitic diseases differ from viral and bacieiial diseases 
by I) the presence of a complicated life cycle, 2) the 
methods of transmission, 3) the lack of usefbl sero- 
logic methods for diagnosis, and 4) the means of 
control. Disinfection and <)uarant)ne have been of 
licUe use in control of the diseases, and conirol pro- 
grams emphasize chemotherapy or chemopreven- 
lion rather than immunization. Prevention of coc- 
cidiosis with anticoccidial drugs administered 
through the f^sed allowed better unifonnity of treat- 
ment and centralized decisions on the use of drugs. 
This system has proved more reliable than on-farm 
control and is practiced universally. 

Emphasis of confinement tearing and high-cfcn- 
sity flocks have increased the infection pressure 
from diseases that have short, direct life cycles. In 
contrast, parasitic diseases that depend on an inter- 
mediate host for transnussion have been practically 
eliminated. 

Rational and effective control of all parasitic dis- 
eases depends upon accurate diagnosis of the para- 
site and also on the extent of the infection. Diagno- 
sis usually depends on gross and microscopic 
examination of birds taken from a flock for 
necropsy, or on microscopic examination of feces 
of live birds. 

Protozoa were historically placed in a smgic phy- 
lum, containii^ all one-celled animals. The com- 
plex organization and vastly different structure of 
protozoa led to the separation of various classes 
into seven diifcrcni phyla (1). Two of these phyla 



contain species tha arc important parasites of poul- 
try. The phylum Apicomplexa is characterized by 
the presence of an apical complex in sporozoites, 
and all arc essentially intracellular parasites. Para- 
5ntic genera in this phylum include Eimeria, 
Isospom, HaemoproKus. Leucdcytozoon, Plasmod- 
ium. Toxoplasma, Sartocystis, Wenyonella. Tyzze- 
ria, and Cryptosporidium. 

The second phylum. Sarcomastigophora, in- 
cludes the flagellates and amebas. Generally, they 
possess pseudopodia or flagdla or both as locorno- 
tor organelles. Genera in this phylum thai arc im- 
portant to poultry include Hisiomonas, Try- 
panosoma, Chilomassix, Entamoeba, EndoUmax, 
and Hexamita. 

Encepkalitozpon cunicuU, a protozoan in a third 
phylum, Microspora, recently has been discovered 
infecting chickens. The protozoan is egg-transmit- 
tcd and infection can be associated vt^ith embryo 
mortality but is usually inappareni. Aflfecied birds 
may show inactivity, lameness, mild diarrhea, and 
weight loss. Parasites have been identified in the di- 
gestive tract, urogenital organs, and muscle. In em- 
bryos, brain and heart also were found to be in- 
fected (2. 3). 
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COCCIDIOSIS 



Larry R. McDougald and W. Malcolm Reid 



INTRODUCTION. Coccidiosis is a disease of 
almost universal importance in poultry production. 
The protozoan parasites of the genus Etmeria mul- 



tiply in the intestinal tract and cause tissue damage, 
with resulting interruption of feeding and digestive 
processes or nutrient absorption; dehydration; 
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blood loss; and incrtased susceplibilicy to other dis- 
ease agents. Historically, the spectacular onset of 
coccidiosis with bloody diarrhea and high monality 
inspired au/e and drtad on ihe pan of poultry grow- 
ers and fanciers. Like many parasitic diseases, coc- 
cidiosis is largely a disease of young animals be- 
cause immunity quickly develops after exposure 
and gives proLeciion against later disease outbreaks. 
Unfominately, there is no cross- immunity between 
species of Eimeria in birds, and later outbreaks may 
be the result of different species. The short, dirrct 
life cycle and high reproductive potential of coc- 
cidia in poultry intensifies the potential for severe 
outbreaks of disease in the modem poultry house, 
where 15-30.000 chickens may be reared in total 
confinement. 

Coccidiosis may strike any type of poultry in any 
type of facility The disease may be mild, resuldng 
from ingestion of a few oocysts, and may escape 
notice, or may l>e severe as a result of ingestion of 
millions of oocysts. Most infections are relatively 
mild, but because of the potential for the disastrous 
outbreak and the resulting financial loss, almost all 
young poultry are given continuous medication 
with low levels of anticoccidial drugs, which pre- 
vent the infection or reduce infections to a low, im- 
munizing level Immunity is not as imporunt in 
broiler chickens, which may be kept only for 6-8 
wk before market, as in layers, turkeys, and breeder 
birds, which may be kept much longer. Vaccines 
against coccidiosis have met with limited success, 
and have been used mostly in breeder pullets and in 
turkeys. Vaccination of broilers has rarely been 
pracuced because even light infections with some 
species of coccidia can affect weight gain, feed 
conversion, and pigmentation of the skin. 

CLASSIFICATION AND TAXONOMIC RE- 
LATIONSHIPS, The biology and taxonomy of 
coccidia were reviewed by Long (18) and Pellerdy 
(25). Although several genera of coccidia axe 
known to infect some types of birds, those most of- 
ten encountered in poultry belong to the genus 
Eimeria described in this section or the genus Cryp- 
tosporidium discussed in another 'section of this 
chapter. Species of Eimeria are frequently de- 
scribed from the morphology of the oocyst, a Ihick- 
wallcd zygote shed in fecal matter by the infected 
host. Oocysts are enclosed in a chick outer shell and 
consist of a single cell that begins the process of 
sporulation to yield the infective stage in about 48 
hr. Infective oocysts contain four sporocysis, which 
in turn contain two sporozoites (Fig, 34.1). 

The closely related parasites Sarcocystis and 
Toxoplasma, as well as avian malaria, are discussed 
in the subchapter Other Blood and Tissue Protozoa. 

When oocysts are ingcsccd, the oocyst wall is 



crushed in ihe gizzard, and the sporozoites are re- 
leased from sporocysis by the action of chy- 
motrypsin and bile salts in the small intestine. 
Sporozoites enter epithelial cells or are taken into 
intraepithelial lymphocytes, where development 
may begin. Species of coccidia are identified on the 
basis of: 1) oocyst morphology, 2) host specificity, 
3) immune specificity, 4) appeat^mce and location 
of gross lesions within the natural host, and 5) 
length of the prepatcni period. The host specificity 
of Eimeria in birds and mammals is very strict, so 
that parasites from different species of birds or ani- 
mals can be considered different species even 
though they may have sirrular-appeari ng oocysts. 

Life Cycle. Coccidiosis differs from bacterial 
and viral diseases in the self-limiting nature of its 
development. The life cycle of £. tcnella (Fig. 34.2) 
is typical of all Eimeria, although some species 
vary in the number of asexual generations and the 
time required for each developmental stage. After 
the oocyst u/all is cmshcd in the gizzard and the 
sporozoites arc released, the sporozoites enter cells 
in the mucosa of the intestine and begin the cell cy- 
cle leading to reproduction. At least two generations 
of asexual development, called schizogony or 
merogony, lead to a sexual phase, where small, 
motile microgameies seek out and unite with 
macrogametes. The resulting zygote matures into 
an oocyst, which is released from rhe intestinal mu- 
cosa and is shed in the feces. With each species, the 
reproductive potential from a single ingested oocyst 
is fairly constant. The entire process takes 4-6 days, 
depending on species, although oocysts may be 
shed for several days after patency is reached In 
some species (£. renelia, E. necarrix), the maxi- 
mum tissue damage may occur when second-gener- 
ation schizonrs ntpture to release merozoitcs. Other 
species may have small schizonts, which cause lit- 




34.1 . Oijgrani of sporulAied oocy&i of gertus Eimcna. 



lie damage, but the ^ametocyte*: may elicit a strong 
ntaciion with cellular infiltration and thickened, in- 
flamed tissues. 

Relationship between Coccidiosis and 
Other Poultry Diseases. The tissue damage 
and changes in iotestinaJ tract function may allow 
colonization by various harmful bacteria, such as 
Clostridium perfringens. leading to necrotic enteri- 
tis (12. 19), or Salmonella typhimurium (2, 3). 

Immunosuppressive diseases may act in concert 
with coccidiosis to produce a more severe disease 
Marek's disease may interfere with development of 
immumcy lo coccidiosis (4). and infectious bursal 
disease (IBD) may exacertwte coccidiosis, placing a 
heavier burden on anUcoccidial drugs (21), 

COCCIDIOSIS IN CHICKENS. Coccidiosis 
remains one of the most expensive and common 
diseases of poultry production in spile of advances 
in chemotherapy, management, nutrition and genet- 
ics. The disease is often diagnosed in birds brought 
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to diagnostic laboratories (t). but the vast majority 
of cases arc diagnosed in the field, and handled by 
poultry service personnel. The current expense for 
preventive medication exceeds 590 million in the 
USA and over $300 million worldwide. 

Incidence and Distribution. Coccidia are 
almost universally found wherever chickens ait 
raised. Their strict host specificity eliminates wild 
birds as sources of infection. The most common 
means of spread of coccidia is mechanical, by per- 
sonnel who move between pens, houses, or farms. 
Coccidial infections are sclf-limidng and depend 
laigely on the number of oocysts ingested and on 
the immune sutus of the bird. Surveys in North and 
South America revealed coccidia present in almost 
all broiler farms (22. 23). Very high percentages of 
positive flocks were also reported from Europe (5, 
17). Oocysts in the litter or droppings of broiler 
chickens are usually most numerous at 4-5 wk of 
age. and generally decline thereafter Few oocysts 
are found after birds arc removed from a farm, be- 
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TTic 7.diy life cycle of £. ttneltn includes two or more asexual and one 
scxualcycle during the 6 diy* after in oocyst hu been swallowed by the 
ho4L The new gcncrtcion of oocystj must sporul»ic (day 7) after being 
passed by fhc host before becoming infeciive. 
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cause poultxy litter or droppings are poor environ- 
raenis for their survival. The ubiquitous, nature of 
poultry coccidia precludes the possibilicy of climt- 
nation or prevention of coccidia by quarantine, dis- 
infection, and sanitation. 

Etiology. Nine species of Eimeria have been de- 
scribed from chickens (Table 34.1), but sonie arc 
questionable. Similarly, several species of Cryp- 
losporidium were described, but possibly only one 
or two names ore valid owing to the lack of species 
specificity. Cryptosporidium spp. art often diag- 
nosed, but clinical disease is not often seen (9). 
Concuireni infcciton with two or more species of 
coccidia is cominon. 

Characteristics useful in identification of species 
are as follows: 1 ) location of (he lesions in the in- 
testine. 2) appearance of the gross lesion. 3) oocyst 
sire, shape, and color, 4) size of schizoms and 
merozoiies, S) location of parasites in tissues (type 
of cell parasitized), 6) nninimum prcpatent period in 
experimental infections. '7) minimum time for 
sporulation, 8) immunogenicity against pure 
strains. In recent years, more emphasis has been 
placed on biochemical and physiologic identifica- 
tion of coccidia. A promising new tool for itpecies 
identification is electrophoresis of metabolic en- 
zymes (28). For diagnostic purposes, the traditional 
characteristics are adequate, and a satisfactory diag- 
nosis can be made from Table 34.2. Cross- immu- 
nity and biochemucal studies require pure species 
isolates propagated from single oocyst*;. Mono- 
clonal antibodies are useful in serologic diagnosis, 
but have not been suitably specific to distinguish 
species, probably because of common antigens. The 
severity of infection is often graded on a scale of 
0-4 as described by Johnson and Rcid (16). where 
0 = norma) and 4 = maximum lesion 

EiMBRtA AC£RVUUNA Tyzzeh 1929. This spe- 
cies is the most frequently encountered in commer- 
cial poultry in North and South America. Oocysts 
are ovoid and often show thinning of the shell at the 
small cod. The average size of oocysts is 183 x 
14.6 pm, but the range is 17 7-20.2 x 13.7-16 3 
pm. 

PATHCGENICITV. Severity of infection may vary 
with the isolate, the number of oocysts ingested and 
the immune state of the bird. Ingestion of lOOO, 
30,(X)0, 100.000 or 1,000,000 oocysts by young 
White Rock chicks resulted in mild to severe coc- 
cidiosis, with lesion scores ranging from 1+ (1000 
oocysts) to 4-*- (1,000,000 oocysts) (26). Reduction 
in rate of weight gain was also proportional to the 
infective dose. Heavy infccuons often cause lesions 
to coalesce, and sometimes monality may result. 
Light to moderate infections may produce link ef- 



fect on weight gain and feed conversion, but may 
cause loss of carotenoid and xanthophyll pigments 
from the blood and skin because of reduced absorp- 
tion in the small intestine. The intestinal mucosa 
may be thickened, resulting in poor feed conver- 
sion. Egg production may be reduced in laying 
birds. 

GROSS LESIONS AND HISTOPATHOLOGY. Le- 
sions can often be seen from the serosal surface of 
the small intestine. The intestinal mucosa may at 
first be thin and covered with white plaques, which 
tend to arrange in transverse fashion and cause a 
ladderlike appearance because of the siriaiions. The 
intestine may be pale and contain watery fluid. The 
gross lesion in light infections is limited to the duo- 
denal loop, with Oiily a few plaques/cm, but in 
heavy infections lesions may extend some distance 
through the small intestine, and plaques may over- 
lap or coalesce; they arc generally smaller in heavy 
infections due to crowding. The lesions are com- 
prised of schizonts, gametocyies, and developing 
oocysts. Microscopy of smears from iniestinal le- 
sions uSuaJly reveals numerous oocysts. 

Histopathology of the small imesrinc reveals the 
ovoid gametocytes lining the mucosal cells on the 
villi. In moderate to heavy infections, the tips of 
villi are broken off, leading to tnmcation and fusion 
of villi and thickening of the mucosa Some cells 
may contain more than one parasite. Schiff's 
reagent will stain the macrogametes and developing 
oocysts a brilliant red. because of the polysaccha- 
ride used m oocyst wall formation. 

EtMEBIA BRUNETV LeviNE 1942. About 10- 
20% of field isolates in recent surveys in the United 
States and South America coniaincd E. bruneni 
(22). The oocysts of E. bruneiti average 24.6 x 18 8 
Jim, and arc easily confused with £. tenella. This 
species is found in the lower small intestine, usually 
from the yolk sac diverticulum to near the cecal 
juncture. In severe cases, the lesion nnay extend 
from the gizzard to the cloaca and extend into the 
ceca (Fig. 34.3 E-H). Most field infections are dif- 
ficult to recognize based on gross lesions and can be 
confirmed only with the aid of microscopy. 

PATHOGENlCrPf. Although less serious than E. 
tenella or £. necatrix, E. bruneiti is capable of pro- 
ducing moderate monality, loss of weight gain, 
poor feed conversion and other complications. In- 
oculation with 100,000-200,000 oocysts will fre- 
quently cause 10-30% mortality and reduced gain 
in survivors. Light infections of 5. bruneni arc eas- 
ily overlooked unless careful attention is paid to the 
lower small intestine. Such infections can cause re- 
duced weight gain and poor feed conversion even 
though gross lesions are not clearly apparent. 
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Table 34.2. Anticoccidial dnigs for utaimem o f coccidiosis in chickens 



Trade or 
Empirical Name 
(Muiufacturer) 


Fcod 
or Water 


Active Ingredient. 
TrcaemcnL Duration 


F\ni Approval 
by FDA 


Drug Wlchdrawal 
(Days before 
Slaughter) 


Sulfamethszinc 

(Amejican Cyanomid) 


Water 


0.1%: 2 days; 0.05%: 
4 days 


1947 


10 


SQ,^ sulfoquinoxalinc 
(Merck): Sulquin* 
(Salsbury) 


Peed 


0.1%: 2-3 days On, 3 off 
followed by 005%: 2 on, 
3 off, 2 on 


1948 


10 


Amprol.'amprolium 
(Merck) 


Water 


0.012-0.024%: 3-5 days: 
0.006%: 1-2 weeks 


1960 


0 


Esbj/ sodium 

kuifachloropyraztne 

manohydnKe 

(Squibb) 


Water 


0.03%: 3 diiys 


1967 


4 


Agribon.* Albon," 
sulfadimcchoxine 
(Hoffmann-Lii Roche) 


Water 


0.05%: 6 days 


1968 


5 



FDA, Food ;md Drug Adminisiratton. 
^Registered code name. 



GROSS LESIONS AND HISTOPATHOLOGY. At 
early stages of infection, the mucosa of the lower 
small intestine may be covered with tiny petechiac 
and have iomc chickening and loss of color In 
heavy infections, the mucosa is badly damaged, 
with coagulation necrosis appearing on days 5-7 
post infection (PF) and with a caseous eroded sur- 
face over the entire mucosa. The coagulated blood 
and mucosa will be apparent m the droppings. 
Thickening of the mucosa and edematous swelling 
occurs in severe infections, especially on the 6th 
day PI. 

The asexual stages of first- and second- genera- 
tion schizogony generally occur in the upper small 
intestine. Hisiopaihology on the 4ih day of infecuon 
reveals schizoms. cellular infiluation, and some 
damage to the mucosa. By the 5lh day, many of the 
tips of villi aie broken off. Mcrozoites invade the 
epithelium and develop into sexual stages In the 
lower small intestine and ccca. In severe cases, the 
villi may be completely denuded, and in some in- 
stances only the basement membranes remain. 

ElMBBlA HAGANi Levine 1938. The lAxonomic 
status of E hagani is in doubt because the original 
description was incomplete. This species reportedly 
produced hemorrhagic spots, catarrhal inflamma- 
tion, and watery intestinal contents and was moder- 
ately pathogenic. Unless research is forthconaing to 
establish the characteriscics of this species and exis- 
tence in field infections, it will likely be declared in- 
valid. 

EiMERtA MAXIMA TrzZER 1929, The mid- 
small intestine is ofcen parx^itized with E. maxima, 
from below ihe duodenal loop past the yolk s^c di- 



verticulum, but in heavy infections the lesions may 
extend throughout the stnall intestine. £. maxima is 
an easy species to recognize because of the charac- 
teristic lir^t oocysts, 30.5 x 207 pm (2 1 . 5-42 5 x 
16.5-29.8), which usually have a distinctive yel- 
lowish color (Fig. 34.4A,F,G,H.I,J). There is often 
an abundance of yellow-orange mucus and fluid in 
the midgut. This species can be differentiated from 
£. necasrix by the lack of large schiionts associated 
with the lesions, and from E. brunetti by the larger 
oocysts and the appearance of the lesions. 

PATHOGENICITY. This species is moderately path- 
ogenic. Infection with 200.000 oocysts is usually 
sufficient to cause poor weight gain, morbidity, di- 
arrhea, and sometimes mortality. There is often ex- 
treme emaciation, pallor, roughening of feathers, 
and inappeience. Producers interested in maintain- 
ing good skin color in chickens must be concerned 
wich subclinical infections because of the effect of 
this species on absorption of the xanthophyll and 
caroienoid pigments in the smalt intestine. 

GROSS LESIONS AND HISTOPATHOLOGY Mini- 
mal tissue damage occurs with the first two asexual 
cycles, which develop superficially in the epithelial 
cells of die mucosa. When the sexual stages de- 
velop in deeper tissues on the 5th to 8th days PI. le- 
sions develop because of congestion and edema, 
cellular infiliraiion, and thickening of the mucosa. 
Infected host cells become enlarged, pushing into 
the subepithelial zone. Microscopic hemorrhages 
occur near the tips of the villi, and foci of infection 
can be seen from the serosal surface. The intestine 
may be flaccid and filled with fluid, and the lumen 
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ofcen comains yellow or orange mucus and blood. 
This condition has been described as "ballooning." 
Microscopic pathology i$ characterized by edema 
and cellular infiltration, developing schizoncs 
through day 4, and sexual stages (macrogameces 
and microgameies) in deeper tissues on days 5-8. In 
severe infections, there is considerable disruption of 
the mucosa. 

Bmbria Miris Tyzzer 1929. The lower small 
intestine is the normal site of this parasite, from the 
yoUc sac diverticulum lo the cecal necks. The le- 
sions are normally indistinct with this species, but 
the potential for pathogenic effects on weight gain 
and morbidicy was recently demonstrated 

PATHOGENiaTY. Infection with 1-1.5 million 
oocysts will reduce weight gain and cause morbid- 
iiy and lo*ss of pigmentation. The lack of distinct 
gross lesions causes this species to be overlooked or 
misdiagnosed in subclinical infections. 

GROSS LESIONS AND HISTOPATHOLQGY. Clini- 
cally, the gross lesion is very slight and can be eas- 
ily overlooked The lower small intestine appears 
pale and flaccid, and microscopic cxaminauon of 
smears from the mucosal surface may reveal nu- 
merous liny oocysts (15.6 x 14.2 \xm). The infec- 
tion is easily distinguished from E. bntnttii by the 
smaller, round oocysts. In light infections, the ap- 
pearance of the gro$& lesion may be similar to E. 
brunerti The gross lesion of ibis species is unre- 
markable because the developing parasites do not 
tend to localize in colonies as do other species, and 
the schizonrs and gametocytes arc superficial in the 
mucosa. 

ElMERIA MtVATI EDGAR AND SlEBOLD 1964. 

This parasite was first identified as a small strain of 
E. acervutina (7). The parasitized zone reportedly 
extends from the duodenal loop to the ceca and 
cloaca. Early lesions appear in the duodenum and 
later in the midgut and lower small iniestinc. In 
light mfections. isolated lesions resemble those of 
E. acervulina, but arc more circular in shape. These 
lesions, representing colonies of gametocytes and 
developing oocysts, may be seen from the serosal 
surface of the gut. Infection with 1 .000,000 oocysts 
of £. mivati causes reduced weight gain and mor- 
bidity. Occasional mortality occurs in experimcnul 
infections. 

Recent work with isoenzymes has caused some 
workers to question the validity of mivati Ex- 
amination of laboratory cultures has failed to pro- 
duce a bona fide culture of £. mi\>aii, but there have 
been no extensive field studies aimed at settling this 
controversy. While there is no convincing evidence 
for the existence of this species, not all field obser- 



vations can be easily explained within the laxo- 
nomic limits of other described species. Funher 
work will be needed to settle the taxonomic status 
of this species. 

Bmeria NECATHtx JoHNsoN 1930. Because of 
die spectacular lesions in the small intestine, this 
species was one of the best known by early poultry 
producers. The lesion is found in the small intestine 
in appro xinrurely the same location as E. Maxima 
(Fig. 34.3 A-D). Probably because of the low repro- 
ductive capability of £. necatrix, it is not able to 
compete with other coccidia and is diagnosed 
mostly in older birds such as brooder pullets or 
layer pullets 9-14 wk old. The intestine ts often di- 
lated to twice its normal size (ballooning) and the 
lumen may be filled with blood. The oocysts are 
near in size to those off. lenella and axe found only 
in the ceca. The sexual stages do not develop in the 
intestine where the lesions are found, but in the ceca 
where they compete for space wiih E. tenella. The 
developing gametocytes are scattered and not found 
in colonies, 

PATHOGENlCmr, GROSS LESIONS. AND HISTO- 
PATHOLOGY. Some gross lesions may be associ- 
ated with f\r.(it-generaijon schizogony at 2-3 days 
PL By the 4th day PI, the intestine may be bal- 
looned, the mucosa thickened, and the lumen filled 
with fluid, blood, and tissue debris. From the 
serosal surface, the foci of infection can be seen as 
small white plaques or red peiechiac. Smears exam- 
ined microscopically on the 4-5th days may contain 
numerous clusters of large (66 \im) schizonis. often 
containing hundreds of merozoiies. The clusters of 
schizonts deep in the mucosa often penetrate the 
submucosa and damage the layers of smooth mus- 
cle and destroy blood vessels In these instances, 
the foci are large enough to be seen from the serosal 
surface. Later, scar tissue may be seen where ep- 
ithelial regeneration is incomplete. Few pathogenic 
effects are seen with the mvasion of the cecal mu- 
cosa by the third-generation schizonts and gameto- 
cytes because of the scattered, honcolontzing nature 
of these stages. The third-generation schizonts pro- 
duce only 6-16 mcrozoitcs, compared with the hun- 
dreds of mciozoites produced by the second-gener- 
ation schizonis in the small intestine. 

Lesions may extend throughout the small intes- 
tine in severe infections, causing dilation (balloon- 
ing) and thickening of the mucosa. The lumen may 
be filled with blood and pieces of mucosal tissue. 
From the serosal surface, the infection may be seen 
as white or red foci, or in dead birds the foci will be 
wfiite and black, giving the appearance of "salt and 
pepper." Microscopic examination of smears from 
the mucosal surface reveals numerous clusters of 
large schizonts, which are characteristic for this 
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species and distinguishes it from others chat overlap 
in habitat. Also, oocysts arc never associated with 
lesions of this species. 

Infcciion with 75.000-100,000 oocysts is suffi- 
ciepi to cause severe weight loss, morbidity, and 
mortahty. Survivors may be emaciated, suffer sec- 
ondary infections, and lose pigmentation. Drop- 
pings of infected birds often contain blood, fluid, 
and mucus. This species and E. tenella are chc most 
pathogenic of the chicken coccidia. Naturally oc- 
curring infections have caused monalicy in excess 
of 25% in commercial flocks, and in experimcnul 
infections 100% mortality is possible. 

ElMBRlA FRAECOJC JOHNSOH 1930. This 
Species IS named from the shon prepatenl pcnod 
(about 83 hrs); hence a "precocious** parasite. Even 
(bough E praecox is often overlooked because 
there are no prominent lesions, there may be re- 
duced weight gain, loss of pigmentation, extreme 
loss of fluids, and poor feed conversion. 

PATHOGENICITY. GROSS LESIONS. AND HISTO- 
PATHOLOGY. The grosfi Icsion consists of watery 
intestinal contents and sometimes mucus and mu- 
coid casts. Most of the infecdon is confined to the 
duodenal loop. Small pinpoint hemorrhages may be 
seen on the mucosal surface on the 4th and 5th days 
of infection. Recent studies Suggest that this species 
may cause morbidity and reduced weight gain (10). 
Dehyd radon may result from the extreme fluid loss 
caused by severe infections. The epithelial cells of 
the sides of the villi (but not the tips) are most often 
infected. There may be several parasites in each 
cell. Three to four asexual generations are followed 
by the sexual stages: The oocysts are generally 
larger than those of other species found in the duo- 
denum. At 21.3 x 17.1 >im. they are larger rhan £ 
acenfulina, E. mivaii, arid E. mitis and smaller than 
£ maxima, LiciJe hssue reaction has been de- 
scribed. 

ElMERlA TENELLA (RAILLIET aND LuCET 1B91) 
Fantham 1909. Coccidiosis jcaused by £ 
lenella is the best known of the avian types, partly 
because of the spectacular disease ii causes, and 
partly because of its widespread importance in 
commercial broilers. This species inhabits the coca 
and adjacent intestinal bssuea, causing a severe dis- 
ease characterized by bleeding, high morbidity and 
morulity, lost weight gain, emaciation, and other 
signs attributed to coccidiosis. Diagnosis is depen- 
dent upon flnding cecal lesions with accompanying 
clusters of large schizoncs or (later) oocysts (Fig. 
34.3 I-L) 

PATtlOGENlCirr, PATHOGENESIS. AND EP1200TI- 
OLOGY. Experimcnial inoculation with 100,000 



sponilated oocysts can cause morbidity, mortality, 
and greatly reduced weight gain, making this one of 
the most pathogenic species in chickens. Inocula- 
tion with 1000-3000 oocysts is sufficient to cause 
bloody droppings and other signs of infection. The 
most pathogenic stage is the second-generation 
schizont, which matures at 4 days PI. Like £ neca- 
trix, this species produces colonies of large schiz- 
onts, which may contain hundreds of merozoices. 
The schizonts develop deep in the lamina propria, 
so (hat the mucosa is badly disrupted when the 
schizonts mature and merozoites arc released. On- 
set of mortality in a /lock is rapid. Most of the mor- 
tality occurs between 5 and 6 days PI, and in acute 
infections it may follow the 6rst signs of infection 
by only a few hours. Blood loss may reduce the 
erythtx)cyte count and hematocrit value as much as 
50%. The maximum effect on weight gain is seen at 
7 days PI. Some of the weight lost from dehydration 
may be regained quickly, but growth will always 
lag behind that of uninfected birds. The exact cause 
of death is not krsown. but toxic factors are sus- 
pected. Blood loss alone does not account for mor- 
tality. In a few cases, death may result from gan- 
grenous or ruptured cecal pouches. Extracts of 
infected cecal pouches produce acute blood coagu- 
lation and death when injected intravenously into 
other chicks. The possible role of bacterial products 
in mortality from coccidiosis is suggested by the 
lack of mortality from £ tenella in germ- free 
chicks. 

GROSS LESIONS AND HISTOPATHOLOGY Even 
during maturadon of the first generation of schiz- 
onts, small foci of denuded epithelium may be seen. 
By the 4th day PI. the second-generation schizonts 
are maturing and hemorrhages arc apparent. The ce- 
cal pouch may become greatly enlarged and dis- 
tended with clotted blood and pieces of cecal mu- 
cosa in the lunnen. On the 6th and 7th days, the 
cecal core becomes hardened and drier, eventually 
it is passed in the feces. Regeneration of the epithe- 
lium is rapid and may be complete by the lOih day. 
The infection can usually be seen from the serosal 
surface of the coca as dark peiechiae and foci, 
which become coalesced in more severe infections. 
The cecal wall is often greatly thickened because of 
edema and infiltration, and later scar tissue. 

Microscopically, the first-generation schizonts 
are widely scattered and matui^ at 2r-3 days PI. 
Small focal areas of hemorrhage and necrosis may 
appear near blood vessels of the inner circular mus- 
cles of the muscularis layer Heterophil infiltration 
of the submucosa proceeds rapidly as the large sec- 
ond-generation schizonts develop in the lamina pro- 
pria. These arc found in clusters or colonies that 
generally are progeny of a single first-generation 
schizont. Maturadon of the second-generation para- 
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siies is accompanied by excessive tissue dama^. 
bleeding, disruption of the cecal glands, and often 
complete desimction of tfie mucosa and muscularis 
layer. Oocysts are seen on microscopic examination 
on the 6th and 7th days, when macrogametes and 
motile microgameies can often be seen. Regenera- 
tion of the epithelium and glands may be complete 
by the lOth day in light infections, but the epithe- 
lium may never completely recover in severe infec- 
tions. Lost muscularis mucosa is not replaced and 
the submucosa becomes densely fibrosed. 

Epizootiology 

NATURAL AND EXPERIMENTAL HOSTS. The 
chicken is the only natural host of the species de- 
scribed above. Reports of these species of Eimeria 
infecting other birds can be considered spurious. 
Cross-transmission of Eimeria spp, from chickens 
to other host species has been unsuccessful except 
for a few instances where immunocompromised 
birds were used- 
Chickens of ail ages and breeds arc susceptible to 
infection. Immunity develops quickly, limiting fur- 
ther infection. Nfewly hatched birds are somedmes 
not Mly susceptible to infection because of insuffi- 
cient chymotiypsin and bile salts in the intestines to 
cause excystation. Outbreaks are common at 3-6 
wk of age and arc rarely seen in poultry flocks at 
less than 3 wk. Surveys of coccidia m broiler 
houses in Georgia demonsoatcd the manner in 
which oocysts of coccidia build up during growth 
of a flock, then decline as the birds become immune 
to further infection (27). This "self-limiting" nature 
of coccidial infections is widely known in chickens 
and other poultry. There is no stimulation of cross- 
inununity between species of coccidia. Thus, sev- 
eral outbreaks of coccidiosis arc possible in the 
same flock, with different species involved in each. 
Breeder pullets and layer pullets are ai greatest risk 
because they are kept on litter for 20 wk o: more. 
Normally the infections with £ acervulirta, E. 
uneita, and E. maxima arc seen at 3-6 wk of age, 
then £. n^catrix at ^18 wk of age. 

Coccidiosis rarely occurs in layers and breeders 
because of prior exposure to coccidia and resulting 
immunity. In a few instances, a flock may not be ex- 
posed to a particular species, or the immunity may 
lapse because of other diseases. Outbreaks of any 
species in layers can reduce or eliminate egg pro- 
duction for several wk. 

TRANSMISSION AND VECTORS. Ingestion of vi- 
able spofxJated oocysts is the only natural method 
of transmission. Infected chickens may shed 
oocysts in the feces for several days or wk. The 
oocysts in feces become infective through the 
process of sporulation within 2 days. Susceptible 



birds in the same flock may ingest the oocysts 
through the litter-pecking activities common to 
chickens. 

Although there are no natural intermediate hosts 
for the Eimeria spp., oocysts can be spread me- 
chanically by many different animals, insects, con- 
laminated equipment, wild birds, and dust. Oocysts 
arc generally considered resistant to environmcnial 
extremes and to disinfectants, although survival 
lime varies with conditions. Oocysts may survive 
for many wk in soil, but survival in poultry litter is 
limited to a few days because of the anunonia re- 
leased by composting and the action of molds and 
bacteria. Viable oocysts have been reported from 
the dust inside and outside broiler houses, as well as 
from insects in poultry liucr (27). The darkling bee- 
tle, common in broiler liner, is a mechanical carrier 
of oocysts. Transmission from one farm to another 
IS facilitated by movement of personnel and equip- 
ment between farms and by the migration of wild 
birds, which may mechanically spread the oocysts. 
New farms may remain free of coccidia for most of 
the first growout of chickens until the introduction 
of coccidia to a completely susceptible flock. Such 
outbreaks, which are usually more severe than chose 
experienced on older farms, are often called "the 
new-house coccidiosis syndrome " 

Oocysts may Survive for many wk under optimal 
conditions but will be quickly killed by exposure to 
high or low temperatures or drying. Exposure to 55 
C or freezing kills oocysts very quickJy. Even 37 C 
is fatal when continued for 2-3 days. Sporozoites 
and sporocysts can be frozen in liquid nitrogen with 
appropriate cryoprescrvation technique, but oocysts 
cannot be adequately infiltrated with cryoprotec- 
tants to effect survival. Threat of coccidiosis is less 
during hot dry weather and greater in cooler wetter 
weather. 

Diagnosis. Coccidiosis can best be diagnosed 
from birds killed for immediate necropsy. Attempts 
to identify characteristic lesions in birds that have 
been dead for I hr or longer are frustrated by the 
postmonem changes that begin quickly in the intes- 
tine. The entire intestinal trace should be examined. 
A microscope should be available for use in looking 
for special diagnostic characteristics such as the 
large schizonts of £. nccairix or the small round 
oocysts of E. miris. The finding of a few oocysts by 
microscopic examination of smears from the intes- 
tine indicates the presence of infection, but not a di- 
agnosis of clinical coccidiosis. Coccidia arc often 
present in the intestines of birds 3-6 wk old in nriost 
flocks. Coccidiosis should be diagnosed if the gross 
lesions are serious, or if other economic parameters 
are threatened. Diagnosis should be based on find- 
ing of lesions and confirmatory microsctjpic stages 
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on necropsy of typical birds from the flock, rather 
than from culls. 

Microscopic Exammatton. Many stages of coc- 
cidia can be seen in smeais taken from the sus- 
pected lesion A small amount of mucosjil scraping 
should be diluted with sabne on a slide, ihen cov- 
ered with a coverelip. Oocysts or macrogameies arc 
most easily seen, but in many cases the lesion is 
caused by maturing schizonts. Presence of clusters 
of large schizonts in che midgut area is pathogno- 
monic for £. necairix, while a similar finding in the 
ceca indicates £. lentlla. 

Oocyst size and shape are less useful as diagnos- 
tic characteristics in chickens than once thought, 
because of the extensive overlapping in sire of the 
species. Measurement of 30-50 oocysts of the pre- 
dominant type of oocyst usually gives a good indi- 
cation of the size of the unknown species. This in- 
formation is useful in conjunction with other 
observations in the identification of species in field 
cases 

Lesion Scoring. The severity of lesions is gener- 
ally proportionate to the number of oocysts ingested 
by the bird and correlates with othci parameters 
such as weight loss and droppings scores. The most 
commonly used system was devised by Johnson 
and Reid (16) By this system a score of 0 to 4 is as- 
signed to a bind where 0 = normal and 4 - most se- 
vere case. This technique is most useful in experi- 
mental infections, where the dose of oocysts and 
medicaments are controlled, and the species are 
known. In the field, lesion scoring is generally use- 
ful in gauging the seventy of infections. Even 
though there are several species of coccidia that 
may be present at some time, only four separate 
sections of the intestine are usually scored. These 
arc 1) the duodenum (upper), 2) the midgut from 
the duodenum past the yolk sac diveniculum, 3) the 
lower smaii intestine from the yolk sac divenico- 
lum CO the cecal junaurcs, and 4) the ceca. 

Droppings Score. In laboratory infections, the 
droppings score may be used in ihe^ame manner as 
lesion score for a rapid and fairly reliable rating of 
the infection (24). The extent of abnormal drop- 
pings is rated on a scale of (M, where 4 = maxi- 
mum diarrhea, with mucus, fluid, and/or blood. 

Histopathology Methods. Ordinary methods in 
hlstopathology are satisfactory for routine examina- 
tion of tissues infected with coccidia. Staining of 
sections with H & E or other common histologic 
stains will demonstrate developing stages. There 
are specialized techniques that will identify specific 
stages: Staining with Schiff^s reagent gives a bril- 
liant red color wich the polysuccharide associated 



with the rcfraaile body and with wall-forming bod- 
ies in the macrogamete. Monoclonal anlit>odics 
conjugated with fluorescent markers such as fluo- 
rescein arc highly useful in research because spe- 
cific stages of parts of cells can be readily identi- 
fied. 

Procedures Used in Species Identification. One of 
the oldest techniques takes advantage of the lack of 
cross- immunity when birds aie infected with one 
species of coccidia. If pure culmrcs of coccidia arc 
used to infect groups of birds repeatedly, they will 
become immune to that species. If a test culture 
produces patent infections in immunized birds, it 
must be of a different species. In this way, by 
process of climiiution« the species can be deter- 
mined. This technique is time consuming and re- 
quires extensive laboratory isolation facilities and 
access to pure cultures of known species of coc- 
cidia, but has proved extremely useful as a research 
tool. Pure species cultures of coccidia are difficult 
to maintain because they must be propagated in 
strict isolation to prevent contamination. 

Preservation of Coccidia for Experimental Work. 
Droppings or litter collected in the field, or intesti- 
nal contents in the diagnostic lab, can be saved for 
isolation of coccidia in a solution of 2-4% potas- 
sium dichromate. Aeration of oocyst suspensions is 
necessary to allow sporulaiion. A good-quality 
aquanum pump is highly effective and can be regu- 
lated with valves and tubes to service several bot- 
tles at one time. For short-term storage, suspensions 
of oocysts may be refrigerated. 

Prevention and Control 

CONTROL OF COCCIDIOSIS BY CHEMOTHERAPY. 

Early emphasis in chemotherapy was centered on 
the treatment of outbniaks with sulfonamides or 
other compounds after signs of infection were ap- 
parent. Soon, the concept of preventive medication 
emerged with the realization that most of the dam- 
age is done once signs of coccidiosis are wide- 
spread in a flock Today almost all broiler flocks re- 
ceive preventive medication, and ueaiment is used 
as a last resort (Table 34.3). The historical aspects 
of chemotherapy have been reviewed extensively 
by McDougald (20). 

CHARACTERISTICS OF ANTICOCCIDIAL DRUGS. 
All types of drugs used for coccidiosif control are 
unique in the mode of action, the way in which par- 
asites are killed or arrCBted. and the effects of the 
drug on the growth and performance of the bird. 
Followfing are the most important characteristics. 

spectrum of Activity. There are several important 
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TBbl0 34.3. Preventive anlicoccidialb approved by FDA for use in feed formulation 










Trader or cmpincu Nime, 




Approval 




AppfOvca LfCvci ^iviajiui tic cure 


1 ibuc rN amc 


FDA 




Sulf^quinoxalinc, 0.015>0.025% (Merck) 


5Q. Sulquin 


1948 


10 


Nitrofunoonc. 0.0055% (Hess & 


nfz, Amifur 


1948 


5 


Clark: Smith- Klinf) 








Arsanilic acid or Aodium arsanilnte. 


Pro -Gen 


1949 


5 


0.04% for S days (Abbon) 








Butynorace, 0 0375% for turkeys (SoWiy) 


Tinostat 


1954 


38 


Nicartmin. 0.0125% (Merck) 


r^icarb 


1955 


4 


Purusolidonc, 0.0055-0,01 1% (Hess 


nf-180 


1957 


5 


A Clortc) 








Natrotnidc, 0.025% * Kulfaninn, 


UnisUi-3 


1958 


5 


0.03% + roxai»sooe. 0.005% (Solvay) 








Oxyieoacycline. 0.022% (Pfizer) 


Terramycin 


1959 


3 


Amprolium, 0.0125-0.025% (MSD-AGVET) 


Amprol 


1960 


0 


Chlortctracyclinc, 0.022% (American 


Aur£3omycin 


I960 


(SQc feeding 


Cyanamid) 






restrictions) 


Zoalene. 0.004-0.0125% (Solvay) 


Zoamix 


1960 


(higher levels, 
5 dayO 


Amprolmm, 0.0125% cchopabate, 


Amprol Plu5, 


1963 


0 


0.0004/0 004% (Merck) 


Amprol Hi-E 






Buquinolate. 0.00225% (Norwich-Eaton) 


Bonaid 


1967 


0 


Ctopi^ol or meticlorpindol. 0.0125- 


Coyden 


1968 


Odays at 0.0125%, 


0.025% (A. L Labonkljories) 






5 days at 0.025% 


Docoquinace 0 003% (Rhonc-Poulenc) 


Occcox 


1970 


0 


Sulfadimethoxinc. 0.0125% 


Rofcnuid 


1970 


5 


onmcfoprin, 0.0075% (Hoffmann-La Roche) 








Monensin, 0.01-0.0121% (Blanco) 


Coban 


1971 


0 


Robcnidine. 0.0033% (American (^yanamid) 


Robenz. Cycwtat 


1972 


5 


Lasalocid. 0.0075-0.0125% 


AvatoC 


1976 


3 


(Hoffmann -La Roche) 








Salinomycin, 0.004-0.0066% (Agri- Bio) 


Bio-Cox 


1983 


0 


Halofuginonc, 3 ppm 


Stenorol 


1987 


5 


(Hoechsi-RoittscU Agri-Vet) 








Narasin. 54-72S/T (EUnco) 


Monteban 


1988 


0 


Madurimicin, 5-6 ppm 


Cygro 


1989 


5 


(American Cyanaxnid) 








Nansin 4> nicarbazin,54-90 g/T (Elanco) 


Maxiban 


1989 


5 


Semduramycin. 25 ppm (Pfizer) 


Aviax 


1995 


0 



Source: (8) 

FDA, Food and Drvg Administration. 



species of coccidia in chickens* several more in 
oirkey s, and many others in other hosts. A drug may 
be efficacious against one or several of these para- 
sites, very few drugs are equally efficacious against 
all. 

Mode of Action, Each class of chemical com- 
pound is unique in the type of accion exerted on the 
parasite, and even in the developmental stage of the 
parasite most affected. The chemical mode of action 
of some drugs i3 known to be a highly detailed 
event, while the action of other drugs remains a 
mystery. The sulfonamides and related drugs com- 
pete for the incorporation of PaJB A and mcLaboItsm 
of folic acid. Amprolium competes for absorption 
of thiamine by the parasite. The quinoUne coc- 
cidiostats andclopidol inhibit energy metabolism in 



the cytochrome system of the coccidia The poly- 
ethcr ionophores upset the osmotic balance of the 
protozoan cell by altering the permeability of cell 
membranes for alkaline metal cations. 

The coccidia are prone lo attack by drugd at var- 
ious stages in dcvclopmeni in the hose. Totally un- 
related drugs may anack the same suge of parasite. 
The quinolones and ionophores ancsi or kill the 
sporozoite or early trophozoite. Nicarbazin, robeni- 
dine, and zoalene destroy the first- or second -gener- 
ation schizont^ and the sulfonamides act on the de-- 
veloping schtzonts and also on the sexual stages. 
Diclazuni acts in early schizogony with £, tsnella, 
but is delayed to later schizogony with £ ac- 
ervuUna and to the maturing macrogamcte with £, 
maxima. The time of action in the life cycle has 
been construed as having significance in the use of 
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drugs in certain cypes of programs in ^hich immu- 
nil> is desired, but iherc is no good evidence ihat 
this is tnie under practical conditions. 

Coccidlocidal VS. CocMiostMtlc Some drugs kill 
the parasite, but others only aiicsi development. 
When coccidioslaiic ii^edicaiion is withdrawn, ar- 
rested panisites may; continue to develop and con- 
taminate the environment with oocysts. In such 
cases, a relapse of coccidiosis is possible. In gen- 
eral, the coccidiocida) drugs have been more suc- 
cessful than those that are coccidiostatic. 

enetfB of Drugs on the Chickmn, Most com- 
pounds used in animal feeds have good "selective 
toxicity/' providing toxicity for the parasite but be- 
ing nontoxic to vertebrates. Unfortunately, toxicity 
and side effects of drugs on the host are possible 
whert formulation errors lead to overdose. Some- 
umes a drug may exhibit side effects at the recom- 
mended use level. Some of the toxicity may be the 
result of management, genetics, nutrition, or other 
interaction, and in other cases the margin of safety 
is just [oo narrow. Environmental interaction is pos- 
sible with nicarbaiin, which interacts with high 
temperatures to produce excess mortality Also 
nicarbazin is highly toxic lo layers, first causmg a 
bleaching of brown-shelled eggs, mottling of yolks, 
reduced hatchability, and reduced production. The 
ionophorcs are highly toxic at elevated doses, caus- 
ing a transient paralysis in mild overdoses, or a per- 
manent paralysis and mortality in more severe 
cases Moncnsin was once thought lo interact with 
methionine to reduce feather growth, bui this rela- 
tionship IS not clear. Under some conditions, lasa- 
locid will stimulate water consumption and excre- 
tion, resulting in a wet litxr. With slight overdoses, 
moil of the ionophorcs depress weight gain under 
laboratory conditions. A withdrawal period of 5-7 
days IS often practiced lo allow "compensatory 
growth" to make up for the lost gain. The 
ionophorcs are Icnown for iheir toxicity to other an- 
imals. Thus, monensin and salinomycin are highly 
loxic to horses. The lethal dose-50% (LD50) for mo- 
ncnsin in horses is about 2 mg/kg body weight. 
Salinomycin is highly toxic 10 turkeys at levels 
above 15 g/ton and causes excessive mortality at 
the level recommended for use in chickens (60 
g/ton). while moncnsin and lasalocid are well toler- 
ated in turkeys at the level used for chickens. 

PROGPAMS FOR USE OF ANTICOCCIDIAL DRUGS 
IN BROILERS- In broilers, the objective is usually 
lo produce the maximum growth and feed effi- 
ciency with minimum of disease, while in layers or 
breeders the objective may be immunization (Fig. 
34.5). 



Continuous UsmafB Slngta Drug. Often, a single 
product will be used from day 1 to slaughter, or 
with a withdrawal period of 3-7 days. Most prod- 
ucts arc approved for use until slaughter, but pro- 
ducers withdraw medication for economic or other 
reasons. 

ShuMe or Dual Pfognms. The use of one product 
in ihc starter and another m the grower feed is 
called a "shuttle** program in the United States and 
a "dual" program in other countries. The shuttle 
program is usually intended to improve coccidiosis 
control. Intensive use of the polyciher ionophore 
drugs for many years produced strains of coccidia 
in the field that have "reduced sensitivity" to the 
ionophorcs. It is a common practice to use another 
drug such as nicarbazin or halofuginonc in either 
the starter or grower feed to bolster the anticoc- 
cidial control and take some pressure off of the 
ionophore. The use of shuttle programs is thought 
to reduce buildup of drug resistance. In 1988. ap- 
proximately 80% of the producers used some type 
of shunlc program. 

Potation of Products. It is considered sound man- 
agement 10 make changes in anticoccidial drug use. 
Most producers consider changes in the spnng and 
in the fall. Rotation of drugs may improve produc- 
tivity because of the buildup of isolates or species 
of coccidia that have reduced sensitivity after prod- 
ucts have been used for a long time. Producers of- 
ten notice a boost in productivity for a fc* months 
after a change of anticoccidial drugs. 

DRUG RESISTANCE, The development of toler- 
ance of drugs by coccidia after exposure to medica- 
tion is the most serious limitauon to the effective- 
ness of products. Surveys reveal widespread drug 
resistance in coccidia in the United States. South 
America, and Europe (1 1 . 14, 15, 17, 20. 23) Even 
though coccidia develop less resistance to some 
drugs than to others, long-term exposure ro any 
drug will produce a loss in sensitivity and» eventu- 
ally, resistance. Drug resistance is a genetic phe- 
nomenon, and once established in a Une of coccidia, 
will remain for many years or un61 selection pres- 
sure and genetic dnft forees return to scnsiavtry m 
the population. Dregs such as the quinolones and 
clopidol have a well-defined mode of action, and re- 
sistance develops quickly as coccidia are selected 
with cytochromes, which do not bind as readily to 
the drug. The polyether ionophores. in conuast. 
have a more complicated mode of action involving 
the mechanisms of active transport of alkaline 
metal cations acress cell membranes, and ii has 
taken many years for coccidia to become lolcram. 
and m some cases, complexly resisunt. Many other 
drugs appear to be inccnmcdiate in selccimg resis- 
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Amprol {ampralium) 
Unlstat (pitromide) 
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umoe in coccidia. The primary defense against drug 
resistance is the use of less intensive programs, 
shucde progtws, and frequent rotation of drugs. 
Rotation of programs, used alone, will not prevent 
che development of resistance because the periods 
of use of drugs becureen changes is often adequate 
for resistance development 

ANTICOCCIDIAL DRUGS USED FOR BROILERS IN 
THE UNITED STATES. The products currently ap- 
proved for use in chickens in the United States are 
listed in Table 34.3. Not all are still available com- 
mercially, but the approvals remain. Those used at 
present include moncnsin« sahnomycin. and lasa- 
locid (polyether ionophores). nicarbazin, ampro- 
lium 4- ethopabate, decoquinate, clopidol, sul- 



fadimethoxine + ormetoprim and suIfaquinoxaJine. 
Other products listed with approvals but lacking in 
significant acrivity include chlortctracycline, oxy te- 
tracycline, and nitrofurans. These products may 
prevent monaliry from coccidiosis when given ai 
high levels because of antibacterial activity, but are 
not of much value m general use. The polyether 
ionophores became the drugs of choice for preven- 
tion of coccidiosis in l972v and remain the most ex- 
.tcnsively used today. Other drugs, such as nicar- 
bazin and halofuginonc, are used mosdy in shuttle 
programs as an adjunct to the ionophores. 

New drugs pending approval in the United 
States, which arc used in Europe, South America, or 
Asia, include diclazuril and toltazuril (synthetic tri- 
azines). 
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DRUGS AND PROGRAMS USED IN BREEDERS 
AND LAYERS. PuUcis sianed on the floor and later 
reared as caged layers do not need immunity to coc- 
cidiosis. They are ofien protected against coccidio- 
sis with preventive medicarion, as with broilers un- 
til they are moved to cages. Breeder pulleu that will 
be kept on the floor during lay should have an im^ 
munity to coccidiosis. Natural immunity after mild 
infection is usually achieved by one of two ap- 
proaches. Controlled ejiposure can be given by 
means of commercial products (Coccivac, (rnmu- 
cox. or Paracox). The program calls for a light 
harmless iniual exposure which must be reinforced 
by two to three repeated natural life cycles. Caieful 
supervision of management is required to provide 
adequate immunity. The second approach relics 
upon a natural exposure assuming the presence ot 
oocysts of important species A broad-spectiaim an- 
ticoccidial drug is fed to provide protection for 
6-12 wk Some producers reduce the level of the 
drug during the final 4 wk in a "step-down ' pro- 
gnxm. Occasionally, oocyst numbers may be insuf- 
ficient to provide adequate exposure to all species^ 
Outbreaks of E. necairix have sometimes occurred 
at 8-16 wk after all rr\edication has been stopped. 
Climatic and seasonal conditions may add to the in- 
herent uncertainties of this method. Neither pro- 
gram is foolproof, and damaging outbreaks may oc- 
cur. 

NEW VACCINES TO PREVENT COCCIDIOSIS. The 
considerable research on coccidiosis vaccines m re- 
cent years has produced interesting results and may 
eventually lead to a commercial product. Along 
conveniicnal lines. Coccivac-stylc vaccnes have 
been pitpared from live but attenuated lines of 
oocysts The success of these vaccines may depend 
riort on a novel approach to administration rather 
than attenuaiion. One product is encapsulated in al- 
«nnate beads, then mixed into the starter feed for 
"trickle adminisixalion." Another is be given by 
spraying the oocysts diiecUy into feed or water in 
the poultry house. ^ . j 

Monoclonal antibody technology has led to idcn- 
lification of coccidial proteins protective agamst in- 
fecuon when inoculated into young chicks. These 
proieins can be made in quantity if the gcrte that en- 
codes the protein is cloned into a bacterial cell. Re- 
search is in progress identifying broad-spectnjm 
antigens and appropriate routes of administration. 

DISINFECTION AND SANITATION. Older recom- 
mendations for coccidiosis control often suggest di- 
rections for sanitation and disinfcciion to prevent 
outbreaks. Most of these are no longer considered 
valid since: I) there have been too many failures m 
such programs; 2) oocysts arc extremely resisuni to 
common disinfectants; 3) complete hOUSC Sfenlua- 



uon IS never complete; and 4) an oocyst-stcrile en- 
vironment for floo^maintained birds could prevent 
early csiablishment of immunity. 

If birds are kept in self-cleanmg cages, immunity 
is not essential, and outbreaks of coccidiosis occur 
only rarely, usually in single rows of cages m vuhich 
there has been accidental fecal contamination of 
feed or water. 

COCCIDIOSIS IN TURKEYS. Coccidiosis in 
rurkeys is common, but is often unrecognized be- 
cause the lesions in mrkeys arc less spectacular than 
those in chickens. Several species infect rurkeys. 
but only about four arc economically impociant. 
Typical signs of coccidiosis in turkeys are watery or 
mucoid diarrhea, ruffled feathers, anorexia. Mid 
sencral signs of illness. Recovery is quick so le- 
tions could go undetected at necropsy. Several 
species have been found in commercial turkey 
farms throughout the United States (6). Coccidia in- 
fecting domestic turkeys also infect wild turkeys 
Rangc^rearing of turkeys can add sigmficanUy to 
the exposure of wildlife to coccidiosis and other 

diseases. . . 

TWkcys of all ages are susceptible to pnmaiy m- 
fection. but birds older than 6-8 wk are considered 
more resistant to the disease; they can suffer vueight 
loss and morbidity, but arc not killed as easily as are 
younger birds. Reductions in rate of weight gain are 
often unrecognired until adequate coccidiosis con- 
trol measurers have been instituted. 

Etiology. Seven species of Eimena have been 
described in turkeys in the United States. Wcnu^' 
ing characteristics of each species arc listed in Table 
34 4 £ mnocua and E. subrorundn have been so 
rarely recovered that the validity of these spccics 
should be listed as doubtful 

Species described from the turkey include 
hospora and Cryptosporidium (see next secuon) as 
well as EimericL The strictly intestinal Eimerxa spp. 
contrast with Cryptosporidium, which niav "use 
both respiratory and intestind infection (13). me 
pathogenic species of Eimeria are E. adenoeides. E. 
meUagrimins. E. gallopavonis. and E disperse 
DiffcrentiaUon of oocysts of the pathogenic species 
from those of rmlder species is difficult because 
some of the species are poorly described. 

BM£HIA ADENOaOES MoORE AND BROWN 

1951 . Gross lesions appear primarily m the coca, 
but extend to the lower small intestine and cloaca. 
Cecal contents are often hardened into a core con- 
sisting of mucosal debris. The cecal and/or intesti- 
nal wall is often swollen and edematous. Oocysts 
are ellipsoidal and have a high shape index 
(length/width = 1.54), The oocysts average 25.6 x 
16.6 fim. 
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PATMOGENIcrrY. E, adenoeides is one of the most 
paihogcnic of ihc turkey coccidia. Experimental in- 
fections of 25.000-100,000 oocysts in young pouUs 
may produce morulity up to 100% on the 5ih or 6th 
day PI Turkeys several racmhs old may lose con- 
siderable weight after mfectitn. Outward signs of 
infection arc apparent after 4 days PI. Feces arc fre- 
quently fluid, may be blood-tingcd. and may con- 
tain mucous casts. White or gray caseous cores may 
be produced in the ccca. The lesions heal quickly, 
so no evidence of infection may be seen soon after 
ihc acute phase unless the cecal core rcmams. 

GROSS t£SIONS AND HISTOPATMOLOGY. By the 

4th day PI, the intesunc may suffer congestion, 
edema, petechial hemorrhage, and mucus secrcuon. 
Five days PI. the ceca contain white caseous mate- 
rial, which condenses into a core. The serosal sur- 
face of the intestine appears pale and may be ede- 
matous and dilated. 

Invasion of the submucbsa by heterophils occurs 
ihroughout the intestine, especially in the lower 
small inlcsiinc and ceca. Epithelial cells at the tips 
of villi arc most often invaded, but deep glands may 
also be parasitized. Edema is common deep in the 
muscular layers as the infection progresses. After 
the 5ih day. legcneration of lost mucosa is rapid. 

ElMERlA DISPERSA TyzzEH 1 929. Thc Small in- 
testine, principally thc midgut region, is commonly 
parasitized, but some infection may occur m the ce- 
cal necks. Oocysts are large (average, 26.1 x21.0 
pm) and broadly ovoid (index = 1.24). Sporozoiies 
lack a refractilc body, and the oocyst wall ts dis- 
linctively contoured and lacks the double wall com- 
mon to other species. Thc prepaiem period is 120 
hr, longer than for other species. 

PATHOGENICITY. Compared with some of the 
other species, the pathogenicity is low, bm infection 
with 1 ,000.000-2,000,000 oocysts can cause rcduc- 
don in rate of weight gain and diarrhea in young 
poults. 

NATURAL AND EXPERIMENTAL HOSTS. The nat- 
ural host of this species is apparenUy the bobwhiic 
quail, in which thc parasite is more pathogenic than 
in turiceys. This is the only Eirneria in chickens or 
turkeys known to infect more than one species. Ex- 
perimcmal inoculation has produced patent mfcc- 
lions in domestic and wild turkeys. Hunganan par- 
tridge (Perdix pcrdix), ruffed grouse {Bonasa 
umbellus), .sharp- tailed grouse {Pediocetes 
phasiarulius campesirisl Japanese and bobwhiie 
quail, and other pheosams. Infection in chickens of- 
ten requires immunosuppression. 

GROSS LESIONS AND HISTOPATHOLOGY. Jhree 



days PI, thc duodenum appears cream colored on 
the serosal surface. Uier. the entire intestine may 
become dilated with thickening of the wall. Dilation 
continues on the 5ih and 6th days, along with se^ 
action of a cream-colored mucoid matcnal con- 
taining denuded epidielium from the duodenum. In- 
dividual villi may become so dilaicd as to be visible 
to the naked eye. 

Thc duodenum shows edema and progressively 
increasing congcsdon of capillaries. Separation of 
the epithelium and basement membranes may result 
in the lamina propria being exposed to a fibnn net- 
work or an open fluid-filled space. Necrosis is com- 
mon on distal lips of villi. Parasites do not invade 
the glands- 

ElMERIA GALLOPAVONIS HAWKINS 1952. Ltr 

sions arc restricted to the area posterior to the yolk 
sac divcmculum and tend to be most severe in the 
lower small intestine and large intestine. Some foci 
of infection may be seen in thc ceca. Oocysts arc 
elongate, averaging 17.1 x |7 2 (index = 1.52). 

PATHOGENICITY. Experimental infection with 
50,000-100.000 oocysts causes mortality of 
10^100% in 2- to 6-wk-old poults. Mortality occurs 
5-6 days PL 

GROSS LESIONS AND HISTOPATHOLOGY. 
Marked inflammatory and edematous changes on 
thc 5th ID 6ih day arc followed by sloughing of soft 
white caseous necrotic material containing numer- 
ous oocysts and flecks of blood on the 7th and 8ih 
days 

ElMEBIA MBLEAGmOlS TVZZER 1929. Visible 
lesions may be seen in the ccca with yellow-white 
caseous cores, but this species is considered virtu- 
ally nonpathogenic. Oocysts resemble those of 
other pathogenic species in the ceca. and differenti- 
aiion is difficull. 

PATHOGENICITY- Mosi smdics have characterized 
this species as almost nonpathogenic. Two to five 
million oocysts produce little effect on growth of 4- 
to 8-wk-old poults. Earlier reports indicaung 
greater pathogenicity may have come from mixed 
infections with £. adenceides. 

GROSS LESIONS AND HISTOPATHOLOGY. Non- 
adherent cream-colored caseous cecal cores arc 
characteristics of infection in young poulU. The 
core may be passed intaci. The mucosa is somewhat 
thickened and may contain petechial bcmorrhages 
in dilated portions of thc ceca. Thc plugs disappear 
5.5-6 days PI. and many oocysts may be found m 
cecal contents. 

Edema and lymphocytic infiltration may be seen 
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histologically, but less extensively than with f. adt- 
noeidts and£. gallopavonis. Firet-gcnemhon schiz- 
onts develop in surface epithelium of the small lo- 
icslinc. bui later stages occur in the cecal 
epithelium. 

E/HIEHM M£L£AGmMmS TVzZEfl 1929. Infec- 
tion with E. melc«^grimilis is primarily upper in- 
testinal, but may spread throughout the small inies- 
linc in heavy infccuoos. This is the mosi pathogenic 
of the uppcr-inteaUnal coccidia in lurVeys. The 
oocysts are small (average, 19.2 x 16.3 Mm) and 
ovoid. 

PATHOGENICITY. Experimental infection of 
young poults produces mor1)idicy and mortality, lost 
weight gain, dehydration^ and general unlhrifiinesB. 
InocuUtion of 200,000 oocysts produces some mor- 
tality and morbidity, but this species is not as path- 
ogenic as £. adenoeides. 

GROSS. LESIONS AND HISTOPATHOLOGY. In- 
fected birds show signs of dehydration. In the duo- 
denum, enlargement and congestion are marked on 
the 5th and 6th days of infection. Large amounts of 
mucus and fluid may be found in the lumen. Feces 
may contain occasional flecks of blood and mucous 
casts 5-7 days PI. 

The bps of viUi arc most commonly parasiiized, 
and the epithelium may be completely denuded, al- 
though hemorrhage is rare. Eosinophilic infiltration 
may begin as early as 2 hr PI and is extensive at the 
height of the infection. 

UndescribED Species- Several species of coc- 
cidia that do not fit descriptions of established 
species have been isolated from wild or domesoc 
nirkeys, but have not been adequately described or 
named. Thus, some difficulty may be expected in 
spcciaiing coccidia found in field cases unless the 
pathology and appearance are distinctive. 

Prevention and Control ot Turkey Coc- 
cldiosls. Dnigs effective in chickens art gener- 
ally effective in turkeys, but the optimal level of ap- 
plication may vary and the toxicity of some drugs is 
significantly higher in turkeys than in chickens. 

TREATMENT As ui chickens, treatment of out- 
breaks in turkeys is less desirable than prevention 
by chemotherapy or immunization. When acaiment 
is necessary, application of amprolium 
(0.01 W).025% in water) or a sulfonamide (dosage 
depending on drug, often given 2 days on drug, 3 
days off, and 2 days on, sometimes repeated a 2nd 
wk). The toxicity of sulfonamides limits their use- 
fulness for turkeys 



GONTT^OL BY CHEMOTHERAPY. Most producers 
use anucoccidial dnigs conunuously in the feed at 
least 8 wk. Generally, poulis are confined to a 
brooding facility at that lime. Later, the birds may 
be moved to range or to other facilities. Dmgs ap- 
proved for use in feed include amprolium 
(0 0125^.25%). butynoraie (0.0275%), sul- 
faquinoxaline (00175%), sulfadimcthoxme 
(0.006-0.25%) 4- ormetoprim (0.00375%), or mon- 
ensin (54-90 g/ton), halofuginone (1.5-3.0 ppm), 
and lasalocid (75-125 ppm). 

PREVENTION WITH PLANNED IMMUNIZATION. 

The principle of immunization by exposure to a 
small number of pathogenic oocysts of the impor- 
tant species of Etmeria was developed with chick- 
ens and is represented by a single product for 
turkeys in the United States (Coccivac-T, Sierwm. 
Millsboro, Delaware) and in Canada (Immuoox, 
Vctcch Guelph, Ontaiio). The inoculum is sprayed 
on the feed during the firet 1-7 days and causes a 
mild infection. There arc risks inherent in use of 
virulent strains of coccidia, and occasional treat- 
mem at 3-4 wk of age is necessary if one of the 
species multipUcs too rapidly, but the program has 
btea used with success in mosi instances 

COCCIDIOSIS IN GEESE. Numerous 
species of coccidia have been described from do- 
mestic and wild geese. The most prevalent and 
damaging in commercial flocks are £ inmcaia, 
which causes renal coccidiosis. and £. ansens 
which causes intestinal coccidiosis. Renal coccidio- 
sis may produce high mortality from blockage of 
kidney function in young goslings. Coccidia may be 
introduced into domestic flocks by migrating and 
resident wild geese. 

ElMERlA TRUNCATA PAILLET AND LUCET 1B91. 
Flock losses due to renal coccidiosis have been re- 
ported as high as 87% in Iowa, Geese aged 3-12 wk 
are affected, although the disease is most acute m 
goslings. Signs of infection include depression, 
weakness, diarrhea with whitish feces, and 
anotexia. Eyes become dull and sunken and wmgs 
are drooped Survivors may show vertigo and tom- 
collis. Birds quickly develop immunity to remfec- 

don. r ^ . 

Oocysts and endogenous stages of E. truncata 
are found only m the kidneys or cloaca near the 
junction of the ureiere. Diagnosis of E iruncaia is 
assured by finding the distinctive oocysts in the kid- 
neys and ureters. Oocysts average 21.3 x 16.7 
and have inmcated ends. 

NATURAL AND EXPERIMENTAL HOSTS- Al- 
though thorough cross-infection experiments have 
not been done in most cases, E, inmcata has been 
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reported from domestic and wild gccst. ducks, and 

GROSS LESIONS AND HlSTOPATMOLOGY. The 

kidneys may be enlarged and promidc from ihe 
sacral bed. The normal reddish brown is aUered lo 
light grayish yellow or grayish red. Pinhead-sircd 
grayish whicc foci or hemorrhagic peiechiac may be 
seen; ihey contain numerous oocysts and accumula- 
bons of urates. Invading and growing parasites may 
distort the Icidncy tubules lo many times the normal 
sue. Eosinophils and signs of necrosis are present 
in focal areas. 

EiuERlA ANSEf^is KoTiAN 1933. The oocysis 
average 19.2 x 16.6 ^m. Diffcrcniiauon from the 14 
species listed by PcUerdy (25) may be difficult. 

PATHOGENICITY. £- anseris may produce 
anorexia, toncring gaiL dcbiUcy. diarrhea and mor- 
bidity, and sometimes mofiality. The small intestine 
becomes enlarged and filled wiih thin reddish 
brown fluid Catarrhal inflammatory lesions are 
most intense in middle and lower portions of the 
small intestine. There may be large whitish nodules 
or a fibrinoa<! diphtheroid necrotic enteriiis. Under 
dry pseudomembranous flakes, the oocysis and en- 
dogenous stages of the parasite are found in large 
numbers Parasite stages invade epithelial cells of 
the posterior half of the intestine in closely packed 
rows Developing gametocyies penetrate, deeply 
into subepithelial tissues of the villi 

TREATMENT. Various sulfonamide drugs have 
been used in treatment of renal and intestinal coc- 
cidiosis of geese. Some studies indicated a favor- 
able response, but, unfortunately, there have been 
no controlled experiments. 

COCCIDIOSIS IN DUCKS. Coccidiosis in 
ducks is sporadic but is of sufficient frequency to 
warrant mons attention from researchers. Cases in- 
volving moderate to heavy monality have been re- 
pbned on domestic duck farms m New York. New 
Jersey, Hungary, and lapan. Coccldia were rccov- 
crtd from every farm sampled on Long Island, New 
York. Clinical and subclinical coccidiosis appears; 
10 be quite common, and can produce morbidity and 
mortality QS vi/ell as poor performance 

Species of Coccidia ano Descriptions. Al- 
though 13 species of coccidia have been reported 
from domestic and wild ducks, the descriptions arc 
often insufficient lo use in diagnosis (25). Mony 
species will remain in doubt umil further work is 
completed. Coccidia in ducks may be of Eimena, 
Wenyonclla, or Tyzzecia. The genus can readily be 
determined from the sporuiatcd oocyst. The oocysis 



of Eimcria have four sporocysts. each containing 
two sporozoites; Wcnyonella have four sporozoiies, 
each with four sporozoites; and lyzzeria have eight 
naked sporozoites not contained within spoiX)cysts. 

Tyzzeria pemiaosa Allen 1936, from domestic 
ducks in the United Suies. have thin-walled oocysis 
measuring 10-12.3x9-10.8 }im and sponilate to 
produce eight free sporozoites 

Wenyonella philiplevinei Ltiboviiz 1968 is the 
best described of the coccidia from ducks. It is 
found in the lower intestine from the posterior jeju- 
nal annular band to the cloaca. The prepatent period 
is 93 hr The oocysts have thrcc-laycrcd walls, mea- 
sure 15.5-21 X 12.5-16 (average, 18.7 x 14.4), 
have a micropylc at one end. 1-2 polar granules, 
and no oocyst residuum. Sporulation results in four 
sporocysts/oocysi, each containing four sporo- 
zoites. 

PATHOGENICITY OF DUCK COCCIDIOSIS. Signs 
of infection with T pemiciosa usually include 
anorexia, weight loss, weakness, distress, morbid- 
ity, and up to 70% monality Hemonhagic areas are 
common in the anterior portion of the intestine but 
may be found throughout. Bloody or cheesy exu- 
date is common. The epithelial lining may be 
sloughed in long sheets. Parasite invasion may ex- 
tend through the mucosal and submucosal layers as 
deep as the muscular layers. Acute hemorrhage as 
early as the 4th day may be followed by death on 
the 5th to 6th day. 

With W. philiplevinei the effects are limited to 
72-96 hrs PI. Occasional petechial hemorrhages ap- 
pear in the posterior ileal mucosa. Diffuse conges- 
tion is found in lower intcsonal mucosa. In severe 
infections, mortality may occur on the 4ch d:iy. 

COCCIDIOSIS IN PIGEONS- Coccidiosis in 
pigeons is similar to, but less severe than, that 
caused in chickens by £. necairix. Young pigeons 
suffer the greatest losses, but monality may occur 
in birds as old as 3-4 mo. 

The most frequently occumng species of coc- 
cidia in pigeons is £, labbeana (Labbe 1896) Pinto 
1928. Oocysts are spherical or subspherical, aver- 
aging 19 1 X 17.4 pm. 

PATHOGENICITY. Mortality of 15-70% has been 
reponed in young pigeons in vanous pans of the 
world. Subclinical infections may persist in older 
birds for long periods. Immunity does not appear to 
be as ".'lelMimiting" as rcponed for other species. 
Common signs of infection are anorexia, greenish 
diarrhea, marked dehydration, and emaciation. 
Droppings may be blood tinged, and the entire di- 
gestive tract may be inflamed. The common condi- 
Tion of "going light" is frequently attributed to coc- 
cidiosis. 
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TREATMENT. Favorable response has been re- 
poned after use of sulfonamides in drinkiag water 
at the same or haJf the level recommended for 
chickens. A product was introduced in 1987 in 
France and Belgium for specific use in pigeons. The 
active ingredient is Clazuril. a close relative of the 
Diclazuril under devclopmeni for use in chickens. 
This product is highly effective in creating coc- 
cidiosis in pigeons. 
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CRYPTOSPORIPiOSIS 

William L. Current 

INTRODUCTION. Crypiosporidiosis is caused 
by small coccidian parasites of the genus Cryp- 
(ospohdium that live within the microvillous region 
of epithelial ceJls of ihe respiratory and gasuoin- 
icstinal tracts of vertebrates. Naturally occurring in- 
fections have been reported from at least nine dif- 
ferent avian hosts. In chickens, turkeys, and quaiK 
these parasites arc primary pathogens that can pro- 



duce respiratory and/or intestinal disease, resulting 
in mortidity and mortalicy. Reviews of the bioloffy 
pf Cryptosporidium spp. arc now available p. 1 1. 
12, 30). 

HISTORY AND TAXONOMY. Clarke (2) in 
1895. observed what may have been a species ot 
Cryptosporidium in mice. The rype species C. muns 



This Page is Inserted by IFW Indexing and Scanning 
Operations and is not part of the Official Record 

BEST AVAILABLE IMAGES 

Defective images within this document are accurate representations of the original 
documents submitted by the applicant. 

Defects in the images include but are not limited to the items checked: 

□ BLACK BORDERS 

□ IMAGE CUT OFF AT TOP, BOTTOM OR SIDES 

□ FADED TEXT OR DRAWING 

□ BLURRED OR ILLEGIBLE TEXT OR DRAWING 

□ SKEWED/SLANTED IMAGES 

□ COLOR OR BLACK AND WHITE PHOTOGRAPHS 

□ GRAY SCALE DOCUMENTS 

□ LINES OR MARKS ON ORIGINAL DOCUMENT 
REFERENCE(S) OR EXHIBIT(S) SUBMITTED ARE POOR QUALITY 

□ OTHER: 



IMAGES ARE BEST AVAILABLE COPY. 
As rescanning these documents will not correct the image 
problems checked, please do not report these problems to 
the IFW Image Problem Mailbox. 




